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SUMHARY _ REPORT
1.0 GENERAL
i) The structure under evalunstion is a L80 feet span,

ii)

iii)

iv)

v)

vi)

vii)

Double~Youble Chord Ml reinforced Hodel Bailey Bridge,
erected at Arundu in September 1989. The claimed load
rating of the bridge - stated by the supplier is HS 20.

The year of manufacture of the main bridge ‘truss
panels is reported to be 1951.

Pre-shipment inspection of the consignment or “an
adequate evaluation of the Bridge" was not accomplished
prior to the procurement.

Corrosion on wvarious main bridge truss panels was
noted which raised doubts about the sdequascy of the
entire structure.

Considerable discussion snd thinking was done on this
subject. It took time to convince the GOP personnel
that the bridge - delivered (in that condition) is

"buildable”. However, in the absence of hard evidence
suggesting that the bridge was unsafe, the erection was
carried out, - probasbly based on the supplier’s
warranties.

After the erection of the bridge at site, CCSC arranged
for "Strength Evaluation of Existing Structure" about
which this report provide the details.

The present report caters for the Phase-l studies,
comprising the following:

a) Analyses of the entire structure based on the
Finite Element Method using a standard package
computer programme (details in Chapter-2).

b) Load testing of three representative panels
from the launch nose assembly panels - avail-
able in the CCSC godown, Peshawar. (details in
Chapter-3).

c) Visit to the existing bridge site at Arundu, to
perform "Condition Survey” of the structure and
collect Coupons for physical and chemical
testing (details in Chapter-4).
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d) Fhysical and chemical test on about 30 coupons
performed in lsboratories at Lahore (details in
Chapter-5).

e) Evaration of the safe/permissible vehicle load
class on the bridge (details in Chapter 6&7).

2.0 STRUCTURE ANALYSES

i) Analyses was carried out for entire structure based on
the Finite Element Hethod. Various vehicle load class
was studied (HS 20, H 15 etc.) to find the dead and
live load forces caused in different members.

ii) Structure Analyses for AASHTO H 20 vehicle load class -
the heaviest vehicle, hsas shown that the deflection of
the sas-built structure, under the dead and live load
remains within permissible limits and that the dead
Jorad force in the chords sre a major component of the
total (= 60.5 K).

3.0 PANEL LCAD TESTING

i) Two panel load tests were conducted at the University
of Engineering and technology Laboratories Lahore as
under:

- Test No.l: Single panel loaded at the top chord
as shown in Figure 3.8. The test was terminsated
at 23,000 Kgf load due to excessive out of
plane movement of the panel frame at this load.

- Test No.Z2: Two panels tested simultsneously in
compound form s8as shown in Figure 3.10. The
system stopped resisting further loading at
40,500 Kgf indicating failure. However, the
failure was initiasted at a losad of 19,500 Kgf.

ii) Absence of linear elasstic behaviour in panel test No.Z

since the early stages of loading, indicates that the
panels were subjected to the bottom chord loading previously.

2 of 4
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4.0 CONDITION SURVEY AND SITE VISIT

i)

The Aversge Annual Daily Traffic (AADT) on the Bridge
is considered to be fairly less.

Condition Survey of the Existing Structure, carried out
by the Consultant's team, has indicated considerable
corrosion and evidence of fatigue/use of panel members
previously as explained hereunder. Other superstructure
components and masonry abutments are in good condition.

Cracks in the welding and/or repairs to the existing
welding was noted on some panels - especially at the
transom seat. This is considered to be an evidence of
fatigue or use of the members previously in a Bridge
structurs.

Excessive pitting/severe corrosion on transom seat of
various panels as witnessed during examination of
Bridge at the site is considered to have been csused by
the ingress of water into the small interface gap
between the transom and the seat in an earlier bridge
structure, viz. evidence of previocus use.

Protective paint and absence of corrosive environment
on the Existing structure shall however, 1limit the
corrosion fatigue effects on the Existing Structuve.

CHEMICAL AND PHYSICAL TESTING

i)

One panel was weighed at UET Laboratories Lahore. The
weight of the panel was abont 261.0 Kg = 575 1bs. Ho
deduction is made for any coating/film of enamal paint
applied recently. This is considered to be in agreement
with [1].

Chemical and physical testing of the coupon material -
carried out in Laboratories at Lshore comprised the
following:

Chemical testing;
Tension testing;
Magnaflux testing;
Macroscopic exsminatien;
Shaping operation;
Boring operation; and
Ultrasonic testing

besides, tension test was conducted on 3 pins.
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iii) Chemical and physical testing of the materisl coupons

iv)

has indicated that the material complies with ASTI A
572 and A 588. However, as neither of these standards
was in force in 1951 - the yvear of manufacture of the
panels, the materisl may be said to be near to these
standards. Overall, the material is high strength, low
alloy steel having necesssary notch toughness and recom-
mended for use in Bridge Structures.

Three panels transported to Lahore were got examined by
a Corrosion Expert has confirmed the findings listed in
para 5-iii above. However, severe corrosgion of transom
seat and bolt head is considered to have been caused
due to the ingress of water as explained sbove.

FATIGUE STRENGTH OF THE MEMBERS

i) The condition of panel No.Y9 and 18 in the top storey of
truss No.III (ref. Figure 2.2) is considered to be the
worst. The ‘"fatigue strength" of members is based on
the condition of these pansels.

ii) On the basis of physical and chemical testing and other
test results the fatigue limit of the member is cal-
culated on the assumption of 500,000 to 750,000 stress
cycles completed by the structure members.

FINDINGS

1) Based on the findings/results of the above tests and
studies, the Existing Structure configuration is
considered incapable of withstanding AASHTO HS 20
Loading. The analyses suggests that the bridge can be
subjected to a maximum wheel load .class equivalaent to

" H 15 Truck loading as shown in Figure 2.9 or H 18 with
cantion, viz. maintaining near zero speed.

ii) Even with the panels available in the present number

(including those used in the launch nose assembly) and
condition, the Bridge strength could be improved by
better planning/management viz. best chosen psnels
w.r.t. chord condition, used in bay 5 to 12
(inclusive).
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A steel "Railey Bradge" waz procured by AID  in  mid
1989. 1t was erected over the kunar River at Arunduy
in the south of Chitral district. The clear span of the
bridge is 480 ft from abutment to abubtment. The bridge
is a double-double chord M-Il reinforced model. The
design  loading as reported by the supplier is HS  20.
Some of the bridge structural menbers supposedly had
heen in storage for many vyeers, and corrosion of
various structural memhers was noted which resulted in
the adequacy of the as-built bridge beiny suspect.

This raised oguestions about the bridge’s material

properties and safe loading, which required thorough
investigations.

CONSULTANCY AGREEMEN]

In bec. 1989, (GUSC, dissued a requesl for quotation
(RFQ) ., seeking technical and financial proposal for the

evaluation of the existing structure. In the response a

comprehensive proposal was submitted by ACE, which was
accepted by the CCSC. In March 1L9%0, the CCSC
entered into an agreement with ACE for the evaluation
work, following which a "Notice to Proceed"” was issued
by CCBC, allowing ACE specific time pericd to complete
the job.

SCOPE OF SERVICES

he work is envisaged to be accomplished in two phases,
as follows:

Fhase-l: o determine mathematically and analyti-
cally the load carrying capacity of the
Eridge now in-place.

Fhase-11l: lLoad testing of the bridge in-place if
considered necessary.




As indicated in the title wcover, this report relates
to the phase~! of the contract and discuss/enplains the
approach and method adopted and/or various eperations
done, procedures/measures adopted im the following:

a) Structural analysis of the entire bridge structure
in the design office.

bl l.oad  testing of 3 representative samples from
the launch nose assembly in laboratory at Lahore

) Visual inspection and ceondition survey of the
existing structure and collection of coupons  from
the existing structure, during the site visit.

d) Chemical and physical testing of coupons in
laboratory

Fhe "Consultant's Repeort” summarises the findings of
all the above studies.

PANEL. OF EXFERTS

In order to strengthen their capabilities to deal with
the various studies and involved testing the
Consul tants associated two professors from the
University of Engineering and Technology Labore and a
professor from the FPunjab University, Lahore which
comprised the Consultanbks "Fanel of Experts" for this
study. The contributions of the members of the FUE — in
the form of suggestions and review comments has
renderec invaluable assitance in the compilation of
this report and drawing the conclusions of the various
studies and testings undertaken by the Consultants.

FORMAT _OF THE REFORI

Fhe following two documents have been submitted earlier
by the Consultants:

1. Report on Computer Analyses -~ FProject Report/
Document Volume--1

2. Interim Report on Fanel testing - Froject Report/
Document Volume—11

1-2




The report is written in a form and style so as to be
self consistent, viz. reference to other project
report/sdocuments submitted earlier and superceded by
this document is not required.

REFERENCES

In Appendix-—l various Standards/Fooks and other
dJocuments have been listed which were referred hy the
Consultants. Reference to any document, in this report
is meptioned in a bhox [} bracket, with only the Sr. No.
mentioned there against that document/reference.
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CHARTER - 2

COMPUTER _ANALYSES

PREAMNBLE

As envisaged in the lechnical Proposal, analyses of the
entire FHailey Hridge Structuwre were carried out on
computer using a package program SAP - developed by the
University of Califaornia Berkeley. Details of the
analyses are given below.

Descriptien of the Structure

The structure comprises of 18 double-double M-—-L fruss
Fanels on each side, as shown in the key Elevation
(Figure 2.1) and Section (Figure 2.2). Fanels 2-17
{(inclusive) are reinforced at top and bottom chords by
an additional channel (Figure 22.1).

Modelling of the Structure

The structure is modeled as shown in figure 2.3. In the
true sense of the words, the program distinguishes a
‘Frame Element’ from ‘Truss Element’ only firom the
finity conditions which is given to be those,
applicable for ‘frame Elements’ (except for the ‘Fin
Joints’ ).

Input Farameters

The salient input parameters is given in Section 2.3.
For HS8 20 truck configuration refer Figure 2.6

Putput and Forces,

In the input 2 loading conditions have been given:

Condition 1: Dead load of the structure
Condition 2: lLive load from HS 20 truck (excepth
Case C)
2-1




Fhe output accordingly provades the results for each of
the two loading ceonditions separately. [he total force
(in kips) in any member in the service conditicon of the
structure, is the sum of both the forces, (in kips).

lthree more analyses were carried out after the submis-
sion ol the "Report on computer analyses" - HMay L920",
as fTollows.

A) {deal structure in which the wmember properties
correspond toe that of ideal/new bridge panels viz
without loss of cross sectional area of any
member. BRut  leading points is only one in  each
panel neat the Jfemale end, as shown in
construction drawing.

Actual structure wherein the area and moment of
inytia of chord members reduced to 0.75 of the
ideal structure to account for corrosion.

Member properties same as KB, bubt H L% Loading
(Refer Figuwre 2.9 for H A5 Loading) applied
instead of HS 20.

S8 A) are
«  Numbers

The total forces {or the ideal structure (ca
shown  in Figure 2.8 in red in paranthesis
below shows values in case H.

KEY ELEVATION OF BRIDGE

The following 3F figures are provided te show the
structure configuration:

Figure 2.1: hey elevation of Bailey &ridge Structure
as given in the Construction Drawing No.
8906046 of July 19689

Figure 2.2: Cross-section of Structure/End Elevation

Figure 2.3: Half Computer Model showing nodes and
glement numbers, (given in circle)

Figure 2.4: The reference axes is shown in  this
figure
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INFUT PARAMETERS

Frogramme

SAF = University of California - BRerkeley.

Output File
STRUCII : FIF (for case - A).

Plane of Analysis

XY (Refer Figure 2.4).

Loading Conditions: DL & LI

1. Dl. = 8Self wt.of Iruss + Dead Load from other
bridge components (runnerrs , frransom,
bracings eto)

2. LL = (One HS 20 Iruck (Ref. Figure 2.06) considered
in the centre of the bridge (i.e. C.G. of
l.oead System nearly coincides with the centre
of the span refer Figure 2.7).

Impact considered 20 percent of the axle lcad

and added into LL

Finity Conditions

- All panels have been considered as individual
frames and their joints as rigid joints.

- The "Panel Connecting Joints" (Fin Joints) treated
as Truss Joints with rotational restraint:

Fixibty Conditions

Destc . Translation Rotations
X Y 2 } 4 Y Z
Fanel 8] % R 1 1 4]
Joints
Fin 0 0 L 1 1 1
Joints
2-3
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Hember Properties

Member Example Moment of Werght Mod.of elas-
(ref. fig. Inertia j (Kipsin) tiecity (Rip/
2.3)

1,2,103 & Laike + .26 U.o012u8
(chord of truss in bay 1 & 18)

49,50,51 & like % 52 .44 .52 U.u02417
(¢Hard of truss in other bays)

342,343,445,515 & 0.197 . 0.000333
like *
(bracing members)

47,48,53 & like % IR 3.5 0.002983
(male/female members)

Top/bottom chords of panel 1 and 18
Also refer Figure 2.8

REFERENCE FIGURES

The following figures are presented to «clarify the
structure model:

Figure 2.5: Elevation of typical panel truss. This
shows a typical truss panel, as manufsac-
tured/assembled by the Bailey Bridge Co.
The dimensions of different members is
also given. Reinforcing to the top/
bottom chord - as provided in panels 2-
17 (inclusive), has therefore not been
shown.

Figure 2.85: Standard HS 20 Truck

Figure shows configuration of HS 20
truck V' as shown is taken to be 14
feet.

Figure 2.7: Magnitude and Distribution of the HS 20
truck axle loads.

Figure 2.8: Total MHember Forces (in kips) for Pansel
9 and 10. Values in red shows the sum of
forces arrived in 2 loading conditions,
(Dead and Live) viz. the total force in
member in kips (Ref. Section 2.3)

2-4




Figure 2.9: Standard H 15 Truck

Figure shows configuration of Standard H
15 truck.

Table 2.1 provides comparison of totasl (vehicle) loads
for different AASHYTO Standard trucks.

Table = 2.1

III I I l"EI.
(88 given in [3])

No. of Total . Fignre
Axles

I'he obgerved detlections at the central critical points
are given in Table 2.Z below:

Table - 2.2

fdeal Structure (Refer 2.1.4 A)

Hodes Deflection (inches)
No.

L. L.

47
53
59

Actual Structure (Kefer 2
47 Z.87 1.67
53 2,11 1.6Y
59 2.867 1.64

2-5




The complete output of the displacements and rotations
at each joint, (for the ideal structure) is given in
Appendix-II. The values on Fage 1 to 8 inclusive,
correspond to the Dead Load case and on Page 9 to 16
inclugive, correspond to the Live Load case. The total
deflection is the sum of the two.

a2 -~ (-.

An output of file F3F viz. MHember Forces, of the
ideal structure as given by the FProgram in the end is
provided in Appendix-[l page 17 to 115 - inclusive.
'he output should be read with reference to figure no.
2.8 (for node and element members):

-ve = compressive force
+ve = tensile force

T'he results of 2 eritical panels no. Y and 1U is shown
in Figure 2.8. ‘'I'he corresponding valunes for the actual
structure is given in paranthesis. Deflection/y-
translations of critical nodes is provided in Section
2.5 above.

A resume of forces in critical members for case B&C is
provided in Table 2.3 for ready comparison of HS 20 and
H 15 Losding.

1 . i3

Observed Deflections

For the result of the snalyses to be acceptable, it is
necessary to check the "Yranslations"” in each loading
cage - especially the “Y-translations/deflections”. In
Section 2.5, observed deflections for the critical
points is sheown for both cases (A & B), and is found to
be within scceptable limits viz. not exceeding span/300
(= 7.2 inches). Deflections in case C is lesser.

Limitationsg of Qonputer Auslyses

Faet remains, however, that s computer model 1s based
on the idealization of the structure system. Various
options were tried on different models to simulate the
conditions. It is especislly for the "reinforced chord
panels"” (reinforcement held by collar chord bolts) not
provided in the program to truly model that
arrangement. Therefore the sctual prevailing forces in
the members can differ, somewhat, from those calculated

by the program.
2~6
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HIGHWAY BRIDGES

FIG. 2.6

. |
H820-44 8,000 LBS, a2 000 LBS.® 32,000 LBSY¥

2
«Q
2
{oaw}-
- —{p i — ———{odw}-.

W = COMBINED WEIGHT ON THE FIRST TWO AXLES WHICH I8 THE SAME
A8 FOR THE CORRESPONDING H (M) TRUCK,

V = VARIABLE S8PAQING — 14 FEET TO 30 FEET INCLUSIVE, BPACING TO BE
USED 18 THAT WHICH PRODUCES MAXIMUM STRESSES.

CLEARANCE AND
OAD LANE WIDTH |

10!_0"

21.011 e',o’l 21.011. ] .

Flgure

Standard HS Truck .
(HS-20) -
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CHAPTER - 3

LOAD TESTING OF BRIDGE PANELS
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LOAD TESTING OF BRIDGE PANELS

FREAMELE

As  reguired in the Agreement, three representative
panels, used in the construction of the structure, were
cbtained from the launch nose assembly, from Fewshawar
and transported to Lahore tfor load testing.

lesting of these panels was entrusted to the lest Floor
of Civil Engineering Department Laboratory University
of Engineering and lechneology, Labore. lwo tests were
conducted:

A. Single panel Joaded at the top chord as shown in
Figure 3.8 (lest No.l)

E. Two panels tested simultaneously in compound form
as shown in Figure 3.10 (lTest No.2).

The entire process of preparation of panels and
performance aof testing was conducted under the
supervision of Chief lesting Engineer. Further, Froject
Advisor, Project Manager and Material Expert witnessed
the testing.

Frior to the undertaking of the actual testing,
artalyses of an isolated panel were performed in  the
office for esch case. e modelling was done in  the
manner and style, in which the actual testing was done
in each case. 'his enabled to anticipate the memebrs
strains and stresses and deflected shapes of the
panels.

This chapter explains, the intent/purpose of the study,
describes approach and method adopted in performance of
each test, explains various operations done,
precautionary measwres adopted, procedure of testing
and includes the comparison of the theoretical and
erperimental strains produced in the components uwnder
the panel loading. In the end., a detailed "Discussion
of the Results" is presented.
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3.2 INTENT/FURFOSE OF THE S1UDY

Fhe pane) lead testing was carried ount with & view to

investigate:
- Members strazins and stresses together with nodal
deflections  in test panels, when subjected to

loadings: and

- Compare the same with those in the panel members
of a bridge in service conditions.

R FANEL TESTING

I'hree panels were tested in the following 2 tests:

- Test Mo, L -~ Single Panel
- Test No. 2 — Two Fanels in compound form

In Test Ne.l a single panel subjected to two point
unsymmetrical loading and test No.2 two panels put to
a single point leading simul taneously in compound form.

Various features of these tests are described in  the
following sections.

‘3.4 TEST _NO. 1 -~ SINGLE PANEL JESTING
3.4,1 lTesting Arrangements

Figure 3.1 shows the overall view of the panel 1load
testing arrangements. The reaction frame and a general
view of the laboratory is alseo visible. The reaction
frame is bolted to a specially designed. 27 inch thick,
reinforced concrete floor, by means of eight high
strength bolts, to btransfer the reaction of the load,
withbout causing secondary deflection/deformations in
the holding down arrangement.

F.4.2 Supports and Lateral Bracing Frovided
in _the Frocess of lesting

The panel was mounted on two rigid RCC blocks placed at
10 feet on centres. The panel was simply supported. On
one end roller support was provided. the other end was
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S.4.4

F)

hinged (Figuwres 2.3 & S..0). lhe frame was  laterally
bhraced against lateral mavemen t te meet the
requirements of twe dimensional single panel analyses.
I'he arrangement is shown in Figuwre S.4.

Loading

'wo point leoading was applied through hydraulic jack as
appears in  Figwres3.8 and 3.4. Hydraulic jack was
placed upside down against the reaction frame which was
rigidly connected to the thick reinforced concrete
floor, In*' view of the practical difficulties involved
in the application ot loads at the bottom chord of a
single panel, two point loading was applied on the top
chord of the test panel. The two point loads were
applied at 4°'-9" centre teo centre, the first point
being at &" from edge of the vertical member on female
end as shown in figure 3.8. 'he leoad at the hydraulic
jack was measured with the help of a calibrated
pressure cell. The loading was applied in equal
increments of 200 psi (= 1785 kgf) pressure upto a
maximum of 2.580 psi (23,000 kgf). This load was enough
to  produce strains more  than the maximum values
pbtained from the analytical results of the main bridge
structure model.

Strain_and beflection Measurement

Fwenty SF4 type electrical resistance strain gauges
were fixed on fourteen different members of the panel
as shown in  figures 3.6 and 3.9 together with
"Hugenberger Strain indicator®. Since top and bottom
chords of the isolated panel resist axial and bending
stresses, two strain gauges were provided on opposite
sides of the channel)s ko measure the combined axial and
bending effects. Mt these points, the axial strains
were calculated by taking the average of the two values
givenn by strain gauges and bending strains as average
of their difference. At all other points, 4i.e. upon
each of the selected web and vertical members only one
strain gauge was pasted as these members were likely
to resist axial strains only.

Analysis of the complete bridge indicated mainly the
arxial strains and stresses in all the members. Further
it showed that the forces in the top and bottom chord
members are comparatively larger ‘than in  the web
members. Ihis, however, was not true in the case of
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single panel as obhserved Trom bthe theoretical as  well
as experimental results presented in lables 3.1 and
A5 a. The apparent reason for this is the arientation
of say a central (bay 92 or 1) panel which receives
stresses bath fFroam dead  load (o the actual
orientation) and live losd, from transom, while the
test panel receive all load from imposition.

Strains were nmonitored and recorded on all  loading
increments of 17 strain gauges (out of 20) as three
gauges were damaged during the erection process and, no
reading was available from there. For deflection
measuwrements, siy gauwges were used ocut of which one was
required to check the lateral out of plane movement of
the panel. I'his gauge helped the engineer to keep the
panel exactly in vertical position during testing
(figure %.4). The other five gauges were used to record
the horizontal and vertical deflections at different
points as  shown in figure 3.8. fhe gauges were marhed
as A to E in the figwre. A and B gawes were used to
record horizeontal deflections alb the supporis whereas
gauges & to E indicated verbtical deflections at the
marked points. Gauge € was placed under the bottom
chord of the panel (fig. #.7) and gauge D and E at
quarter points of the panel length.

Electronic distance meter (EOM) was also employed to
counter-check the deflection gauges.

TEST NO. 2 -~ COMPOUND TESTING QF TWO FaANELS

Testing Arrangements

Figure 3.12 shows the overall view of the ‘two panels
marked as A and B together with its lateral bracing
system. The reaction frame, hydraulic jack, pump and
the loading girder is also visible.

Supports and Lateral Bracing

lhe panels were supported in a manner similar to the
single panel. The panels were laterally braced with the
help of 8 studs and 2 channels sections, with the
reaction  frame (Figures 3.12, 3.14 and 3.1%). Studs
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were fastened on one end with the reaction frame and on
the other with the channel sections outside of the
panels with double nuts. Hence, restraining oul of
plane movement, ta meel the requirements of two
dimensional analysis.

In view of the practical difficulties involved in  the
application of loads &t the bottom chord of a single
panel, it was decided to test the remaining two panels
in compound form. 1t focllows that the single point
leading was possible to ke applied simul btaneously on
bottom chords of the two panels, &Y from the mid span
{(Figures 3.10 and J.11). This leoading pattern also gave
a closer simulation to actual loading conditions of the
panel in the bridge.

Figures X.12, X.1% a and b shows that the hydraulic
jack load was transfered to a rigid girder, which was
simply supported on the bottom chord of each panel (A &
B) at centre to centre span of %5 -4". The reactions of
the girder were the single point leoading on each
panel. The laoading was applied in the wncrements of 400
psi, d.e. 200 psi on each of the panels, upto I200 psi
(26,600 kgf). At this load, initially buckled bracing
member (shown in Figuwre 3.11) indicated marked increase
in  buckling. The study of Tables X.4 a and 3.4 b
reveals that almost all the members of the panels had
gone through excessive strains and stresses just at or
before this load. Consequently, the onward loading
increments were decreased to 100 psi, The panels
stopped resisting further strains at a tolal pressure
of 47%0 psi (40,300 kagf).

Strain _and Deflection Measurement

Strains and detflections were measured and determined as
explained in 3.4.4. (n this test, EA type electirical
strain gauges were used instead of SR4 ones. [he Tormer
gauges are more sensitive and accuwrate than the latter
ones. Seven gauges were fixed on five different members
of each of the two panels. The gauges were installed in
such a way that strains at almest all the amportant
points were recorded. Figures 3,10 and 4. 11 shows the
arrangmeent of strain and deflection gauges of panels A
and B, respectively.
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lables 3.1 - Z.4b show experimental resultbts of strains
arnd  deflections measuwred during loading operations for
both the tests on panels. A comparison of experimental
results with the btheoretical values obtained Jor a
simply supported isclated panel is available from
Tables H.%a and 3.8k for the two tests, according to
the corresponding loading tonditions. Maoreover,
theoretical strains obtained from full bridge analysis
are alsp given.

The computer analyses results in the form of forces and
moments of the iscolated panels were converted into
strains by dividing the values with Ef and ES of Lthe
membhers, respectively.

Where:

E = Young’ s moditJus of elasticity of the material
= Z0,000 ksi (ebtained trom coupon testing)

A = Cross—-sectional area of the section (sgq.in)

S = Section modulus of the menmber (in. cube)

EBoth A & S are obtained from measured dimensions of the
panel members.

The dominance dof anial forces in the top and bottom
chords of the bridge ohtained from the analysis is due
to the presence of pin joints used for comnection of
panels. The web members of the bridge are tound to have
considerably smaller forces than those in the isolated
panel members. This is due to the shear forces
combination of members in double M form in the hbridge
compared with the resistance of single panel.

The presence of bending strains and stresses in the top
and bottom chord members of the test panels is due to
loading applied at &" away from the nodal points.

Termination of panel load test NMo.l at 25,000 kgf load
was done due to excessive out of plane movement of the
Fanel Frame at this load. The actual capacity was not
exceeded.




3.6.7

J.6.8

B.b.10

F.6.11

J.bal2

3.6.13

The applied loading gave rise Lo considerably larger
strains in some of the panel members, than is likely to
be produced in the panel members of the structure

(Tables 3.3a and 3b)

Loading pattern in lest Wo. 2 simulates the actual
loading conditions in a closer manner (than lest Ma.l).

Members of panels A & & (lest No.2) showed signs of
abrupt changes and redistribution of strains at a total
load of only 19,500 kgf i.e. 9750 kgf for one panel
(Tables J.3a and b amd F.%b). This is not trde in case
of single panel testing (lest No.l). The behaviour of
the isolated panel was well within elastic limilt even
upte  a lead of 23,000 kgf (Tables 3.1-2 and 3.5a). It
Tollows that one of the two point leoads i.e. 11,500 Kgf
was transfered about directly to the supports through
ver-tical members of the panel (Figure 3.8).

The experimental and theoretical strains generally
did not show agreement with each other for the case of
compound panel test as against a reassonable agreement
for the single panel test (Table J.5a and 3.85b).

The application of bottom chord single point loading in
case of compound panel  testing not only raused
relatively greater bending hut alsc aggravated the
hehaviour due to bobktom chord loadings local effects.

Figures i.l14a and b show the buckling of a bracing
member of panel B, The deflected shape of the compound
panel system is evident from Figures .15 and 3.16.
Figure 3.16 also displays vertical buckled member of
panel A together with rotated hinge support.

Marked buckling of the above mentioned members in Test
No.2 contributed towards the Tailure of compound panel
system.

It is obvious from the permanent set of noadal
deflections and member strains observed after complete
unloading fTrom the two panels that the panels had gone
beyond their elastic limits (Tables 3.3a - 3.4b).
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F.6.15

'he compound panel system slopped resisting  further
loading at 40,500 kgf indicating failure. However, the
failure was initiated at a load of 19,8000 kgf (lables
S.3a and B.3b)  in probably panel R.Further, the
behaviour was not linear elastic, since the early
stages of loading.

As the panels of two (double) trusses on each side of
the actual FHridge structure are firmly held by the
panel Eraces and turn buckles and transoms under the
wooden deck, considerable third dimension rigidity dis
imparted to the actual structure. rhe individual panels
are held in position and restrained in x-vy plane. Hence
as explained in Section 7.2.3, the failure of panels at
a  load of about 20 T in the compound panel test -~ Test
No. 2, probably, is not a sericus cause of alarm.




\}

Figure 3.1: Overall view of the Panel

Load Testing Arrangements
(Test No.1)

Figure 3.2: Roller Support (Test No.1)




Figure 3.3: Hinged Support (Test No.1)

Figure 3.4: Lateral Bracing together with Gauge
'9 to record Lategal ovement (Test No.1)
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Figure 3.5(b): Loading Arrangement in Test No.1
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Figure 3.6: Strain Gauge and Strain Indicator

Figure 3.7:
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Figure 3.12: Overall view of the two Panels
tested in Compund Form (Test No.2)




Figure 3,13(a):

Loading Arrangement
note the reading on
pressure gauage
(Test No.2)

Figure 3.13(b):

Single Point Loading

on each Panel centre
(Test No.2). Note the
deflection in the bottom
chord
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Figrue 3.14(a): Buckling of a Bracing Member
of Panel B (Test No.2)

Figure 3.14(b): Buckling of a Bracing Member
' of Panel B (Test No.2)




Figure 3.15: Deflected Panel B (Test No.2)

Figure 3.16:

Buckled Vertical
Member & Rotated
Hinged Support
of Penal A

(Test No.2)
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TABLE =32

EXPERIMENTAL DEFLECTIONS AT VARIOUS POINTS

OF BAILEY BRIDGE PANEL TEST NO. 1

. Horizontal Deflections Vertical Deflections,
ﬁ:iﬁ !l Dial Gauge Dial Gauge §Dial Gaugeé | Dial Gauge ] Dial Gauge
& A : B c D E
(in) (in) (in) (in) (in)
0 0 0 0 0 0
1800 0.001 0.00025 0.005 0.006 0.004
3500 0.00125 0.00075 '0.0075 0.007 0.00525
5500 0.002 0.001 0.013 0.013 0.0085
7000' 0.00275 0.,00275 0.019 0.018 0.0115
9000 0.0035 0.0035 0.023 0.022 0.013
11000 0.00425 0.00425 0.0027 0.026 0.016
i2506 0.005 0.005 0.032 0.031 0.019
14300 0.006 0.006 0.036 0.0335 0.022
16000 0.0065 0.0065 0,042 0.036 0.0245
18000 0.007 0.007 0.048 0.043 . 0,027
19600 "0.008 0.008 0.054 0.049 0.031
21500 0.009 0.009 0.06 0.055 0.031
23000 0.01 0.01 0.064 0.059 0.041
Q 0.00025 0.00025 0.0005 0.0007 0.0005
Remarksi on hinge On Roller At mid span At quarter At quarter
support: support. under' bottom span under span under

chord

bottom chord battom chord
on loaded on unloaded
side. side,
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EXPERIMENTAL DEFLECTIGONS OF PANEL

TABLE

- 3-4(0)

'A' (BAILEY BRIDGE)

TESTED IN COMPOUND FORM (TEST NO.2)

Load E--gi‘lfli?-gguiﬂl-,-‘-’%5.1{25%}9‘15--;--D-.J-{Eé-ﬁiﬁ%l—p-.'l%fclﬁﬁﬁi-q%i-l--c _____
gk i A ge ! ia . auge E ia . augei ia c auge ia 0 auge
| (in) ! (in) ! (in) ! (in) (in)
0 0 0 0 0 0
2000 0.005 0.0015 0.009 0.012 0.0095
5400 0.0035 0.0020 ¢.020 0.030 0.023
9000 0.004 0.004 0.028 0.046 0.034
12300 0.0035 0.008 0.034 0.059 0.044
16000 0.003 0.0125 0.040 0.073 0.054
19500 0.002 0.018 0.047 0.087 0.065
23000 0.0015 0.023 0.052 0.099 0.074
26600 0.0000 0.028 0.058 6.112 0.085
28400 0.000 ) 0.030 0.061 0.121 0.091
30020 ~0.001 0.032 0.064 0.128 0.096
32000 -0,001 0.034 0.068 0.135 0.1015
33800 -0.002 0.036 0.070 C.142 0.106
35500 -0.002 0.037 0.073 0.149 0.111
37500 -0.003 0.039 0.077 0.156 0.116
38300 -0.0C3 0.040 0.079 C.162 0.120
39200 -0.0035 0.041 0.081 0.166 0.123
40000 -0.005 0.042 0.082 0.170 0.126
40500 -0+.005 0.042 0.084 0.173 0.129
0 0 0.022 0.0035 0.115 0.012
‘Remarks: on hinge  On roller At quarter At mid At quarter
support support span towards span span towards
the hinged the roller
side support

All the gauges indicated permanent set on release of loading,




TABLE --3-4{b)

———re.

EXPERIMENTAL DEFLECTIONS OF PANEL 'B' (BAILEY BRIDGE)
TESTED IN COMPOUND FORM (TEST NO. 2)

Vertical Deflections

i T
Load §"5{;f Gavge | Dial Gauge | Dial Gauge | Dial Gauge | Dial Gauge -
N R N L N
! (in) ] (in) ] (in) i (in) i (in)

0 0 0 0 0 0
2000 0 0.005 0.008 0.011 0.011
5400 0 0.0035 0.016 0.025 0.024
90C0 0 0.008 0.021 0.038 0.035

12300 0 0.013 0.027 0.050 0.047

16000 0 0.017 0.032 0.0625 0.058

19500 0 0.021 0.037 0.075 0.070

23000 0 0.024 0.042 0.0855 0.079

26600 0 0.028 0.0475 0.098 0.090

28400 0 0.030 0.0515 0.1055 0.097

30020 0 0.0315 0.054 0.112 D.102

32000 0 0.033 0.056 0.117 0.108

33800 0 0.035 0.059 0.1225 0.112

35500 0 6.0365 6.061 0.129 0.118

37500 0 ., 0.0385 0.063 0.134 0.123

38300 0 0.0395 0.066 0.140 0.129

39200 0 0.0405 0.067 0.144 0.1325

40000 -0.001 0.04175 0.069 C.1475 0.1365

40500 -0,00125 0.0425 0.070 0.149 0.139
0 0.00675 0.0185 0.0145 0.024 0.030

Remarks: On hinge On roller At ;;arter At mid At qua;;;;—

support support span towards span span towards
the hinged the roller
side. support,

All the gauges indicated permanent set on release of loading.
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CHAPTER - 4

SITE VISIT REPORT




CHARIER -~ 4

SITE _VISIT REPORT

VISTT 70 THE SII1E

ACE  team comprised ot two engineers, the Froject
Manager and Chief lesting Engineer. lhe team visited
the Bailey Hridae site to collect the coupons. conduct
the inspection survey and check the general conditirons
of the structure.

Earlier the team held a meeting with the CCSC Chief of
Party in PFPeshawar office, o acguire GOF C(Clearance
regarding security and arrangements for collection of
the samples/coupons.

The ACE team conducted the inspection and supervised
the collection and repair of coupons in the presence of
CCSC/ACLY  and BOP representatives. the team had taken
with them 1é replacement coupons obtained from ‘the
tested panel (test No.l).

COURON REMQVAL,

I'he coupon removal and repair was carried out in
aceordance with ASTM A-6 and A-370 [2]. Fhe selection
of the coupons was based on the following
considerations.

Farnel location w.r.t. moment & shear forces
Accessibility
Member condition

Standing on the left abutment the trusses were numbered
1.11 on left side and ILl, IV on right side (ref. fig.
2.2). Each truss has 18 bays. All the bays were
assigned serial numbers L to 18 from left to right
abutment.

Twenty coupons - ten each from chord and bracing
members were collected/extracted trom the different
panels of the’existing structures mentioned in table
4.1, Rased on the tension test requirements the length
pf coupon was maintained equal to 18 inches.




The chord membkers samples were taken, from only the
intermediate chord viz either top chords of bottom
storey panels or from bottom chords of top storey
panels. fhis a&rea being at the neubtral axis of the
double MY structure and subjected to relatively lesser
bending moments is almost stress free. Simalarly, the
bracing members specimens were collecled in the zone of
relatively lesser shear forces. Az a precaution,
coupons were taken oult fram alternate panels only.
Further (as shown in col 4 of table 4.1) coupons were
nat extracted frrom chord members from panels in bay &
to 14 (inclusive) and bracing members from bay 1 to 8
and 14 to 18 (inclusive). lhese, and other measwres,
made the operation of removal of ceoupons fool-proof
against the pessibilibty of any damage bto the structure.
No traffic was allowed on the bridge duwing this
operation. Collection of the samples from relatively
lesser critical area means thal the material of these
coupons  may be corroded, bub has neither vielded nor
buckled. All the samples collected were properly
marked/numbered at site. The data in appendix-V
indicates these marks/numbers.

REFAIRES OF FPANELS

The removal of test coupons from panels and  their
repair with the already prepared strips/replacement
coupons was carried out in—-turn and one at a time, in
conformity with the trecommended procedures i.e., the
atfected panel was fTirst repaired befTore the next
coupon was cutout.

CONDITION SURVEY

ACE team inspected the bridge and its components in
detail studying all the members and Jjoints visually.
The bridge panel members were classified into three
groups as under @

Lategory Lost areaXx as %«

Goad Q=10
Fair Upto 2o

K

Unsatisfactary Upto 33.3

It is difficult to quantify the residual area of a
pitted member, The figure provides a cautious

estimate.

'he details of the observations is given in Appendix-IY.

4-2
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4.3

4.5.6

4.8.7

ORSERVATIUONG DURILMNG AMGPECT LON

The following imporbtant points were noted by the
inspection team.

No component part/member such as panels, truss, trarnsom
raker, sway / other bracing, chord bolts etc was found
missing.

Generally, transom girders and fasteners were found to
be in good conditions. However, the pins were not
properly oiled as required 1or a Railey Bridge used as
a permanent structure LL).

Some of the cotter pins were not fanned cut properly.

The bridge equipment other than varaiocus panels seemed
to be unused. Fhe criterion for this categorization
was based on the conditicen of btransom gseat and  bolt.
(Ret. Chapter-9).

Almost all the reinforcing chords provided in bays 2-
17 (inclusive) can only he cabtegorized as B or C. One
of the members has a hole through the web (fig. 4.6)
which is attributed to severe corrosion attack. The
surrounding area is also found pitted there.

Chord members of panels were fairly corroded or damaged
(Refer figures 4-1-4.10). Corrosion is generally severe
araund the transom seat area. Figure 4.4 shows damaged
transom seat. lhe craclhk observed in the welding between
the tramnsom seat and botbtom chord seems to be caused by
Fatigue.

Slight buckling and non alignment of some of the chord
members was also noted which may have resulted during
handling, or probable previous use. (Refer figs. 4.9
and 4.10).,

The bracing members are generally in good conditions.
However, a buckled bracing member shown in fig 4.9
suggests that probably the panels remained in improper
storage (since its manutachwre in 19%1), or improperly
handled sometimes or. probably put to structural use.

Some of the panels have chord members marked €. USA and
bracing members G. USA or John and Bethlehem Carnagie.
This raises doubt whether any oariginal member was
replaced.




NRY)

.11

.12

.13

.14

The condition ot panel in the top storey of bay HNo. 18
and 9 of truss 11l 1s probably the worst both these
panels exist at critical locations.

The condition of the reinforcing chords is espsecially
unsatisfactory.

Cracks in the welding and/or repairs to the existing
welding noted on some psanels - especially at the
transom seat, is considered as an evidence of fatigue
or uge of the members previously in a Bridge structure.

The sag/vertical deflection of the structure was
estimated to be about 3 inches, in the unloaded state
of the structure.

The sbutments sre in good condition.

COMMENTS ON OBSERVATIONS

Even with the panels available in the present number
(including those used in the launch nose assembly) and
condition the bridge strength could be improved by
better planning/management viz. best chosen panels,
Ww.r.t. chord condition, used in bays 5 to 12. In fact
the condition of the two critical Panels (ref. 4.5.10)
alone warrant imposing restrictions on the use of this

structure.

b=ty




Figure 4,2:

Figure 4.1:

Pitted Top Chord of
the Top Storey Panel
in Bay 18 Truss Il

A
_ 5—*’

e TRy

Panel repair by means of "Prepared
Replacement Coupons" in progress. The
corrosion is visible on the web member of
the next panel



Figure 4.3: The Top Chord of a bottom storey panel
indicating reduced thickness of the flange,
note also the corrosion visible around the
pins

Figure 4.4: Pitted Transom seats & corroded surrounding
area at bottom chord of a top storey panel,
all such panels are considered "Used" 7#

/




A

Figure 4.5: Another damaged Transom seat of bottom

chord top storey panel. Note the condition
of the bolt head and weld with the chord,
considered an evidence of fatigue

2t

-

Figure 4.6: Pit Hole formed due to corrosion in the
top reinforcing & chord, indicated blue mark




Figure 4.7: A view of damaged top chord channels
of a top storey panel

Figure 4.8: A buckled diagonal bracing member of top
storey panel




Figure 4.9:

Buckled and corroded
bottom chord member of
a top storey panel

Figure 4.10:

a huckled bottom chord
member of a top storey
panel
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CHEMICAL, AND_TENSION_ TESTING

CHEMICAL. 1E8T1ING

Chemical testing of the coupone was entrusted to the
Metal Industry Research and Development Center (MIRDL)
Lahore. Four samples - extracted from test panel No.l
were sent to MIRDL  Laboratoraes on 28th May and  other
four samples brought from the sate on 19th  June. Fhe
result of analyses are given in table 5,1 and actual
report in Appendix-V.

'he chemical testing indicates that the material
complies with ASIM A 588. However, the year of original
adoption of this standard being 1968 (refer table 5.2)
the material can be stated to be near to that standard
(refer also Sec. S.4.1).

COLFQN TEST ING

0 coupons were prepared in a workshop at Lahore from
the Single panel tested (btechk Mo.l) within elastic
limit. 1t Afollows that neither the material of this
panel yielded nor members were buckled. Lé6 coupons were
used to repair Hridge panel) members at site while
FEMOVING  Ccoupons. e coupons were collected and
repaired an accordance with the standard practice of
ASTM NMH~-& and n-3i70, e selection of coupons wvas
carried out as explained in Chapter-4.

Out of the 20 coupons collected, % were obtained by the
GOF Representative for their testing. Despite their
best efforts, the Consultants did not receive ‘them
back. Consequently, 29 coupons i.e. 1% from the site
and 14 from tested panel were put to physical and
chemical testing. Oub of which, 4 specimens were tested
both physically and chemically. Fhysical testaing was
carried out in the Civil Engineering Department, U.E.T,




PHYSICAL TESTING

Fhysical testing - besides other tests listed in 5.4
involved hardness and Tension testing of Z5 coupons and
3 pins. 200 'Ton Shimadzu Universal Testing Machine,
with Automsatic Load versus extension testing
tacility, was employed for tension test on both coupons
and pins. 8Six coupons were subjected to detailed
testing including plotting of load extension curves in
order to determine Modulus of Elasticity of the
material. Due to lesser percentage of carbon in Bridge
stesel, =all the coupons displayed marked and well
" defined yielding platean. 3 pins were tested by making

special holding fscility and reducing their diameters

on the same machine as per ASTH A-325 section 5-4 of

[(6].

Hardness tests on LU coupons and 3 pins were performed
on Rockwell hardness testing machine using diamond
penetrator and 150 kg of load in order to confirm the
tension and chemical testing resuls. HKesults of tension
tests on coupons and pins and of hardness tests are
provided in Tables 5.3 to 5.6 inclusive. The Hardness
test results are given in Standard Hardness Numbers. H
stands for Hardness Humber, K for KRockwell testing
machine sand C for type of scale.

Une truss panel was weighed at the UET Laboratories
Lahore. The weight of the panel was about 261.0 Kg =
575 1lbs. No deduction is made for any coating/film of
enamal paint. This is considered to be in agreement

with [1].

OIHER TESTS

Besides the, tension snd hardness tests, some other
tests wers also performed-on the masterisl and discussed

below.

This is a non-destructive type of test which is
performed for the detection of surface cracks. The
(corroded) sample is prepared by hand-filing operation,
and current 1is passed through the material and fine
red-oxide powder sprinkled. The cracks of any are then
visible by microscopic examination. Mangnaflux test was
performed on four coupons and none revealed any surface

crack.

5-2




Macroscopic Examinatlion

Visual examination by the help of maarn fying glass was
carried out on all the eight samples zent to the MIRDC.
Fhis examination has shown "small” pitting in all of

L

them. Coupon Mo.d (from site) s badly pitted.

Shaping_Uperalion

In the process of sample @ eparation, A0 coupons  were
"shaped” in shaping machine. the aperaltion shows that
the material is high strenath. and of good quality.

Boring operation

J bores on each of the four samples was conducted which

showed thalt corrosion is limited bto suriface patting.

Ultrasonic testing

Fhis test was planned bubt could not be per formed due to
considerable (corrosion) pittaing.

D1SCUSE 10N
'he important points concerning the physical and
chemical testing of the coupons are nobted hereunder.

fension and hardness test results of coupons andicate
that the steel is generally nearer Lo ASTM A-%72 with
the exception of a couple of samples which are closer
to A-088 steel. IMost of the tested samples have yield
and ultimate strength in excess eof 55 ksi and 80 Ksi
respectivel,. (refer table S.3) which is the require-
ment of A G72 steel. Also the Hardness value is nearer
to A G372 steel, for most of the coupon.

Chemical testing contirms that the steel conforms to
ASTM A-588H. However, tension fLesks indicates A-G72
steel due to strength ebltained from present (reduced)
X-sectional area.




The stec) stomedl well defined and marled yield plateaun
and plastic range. Thas s due to approdimately 0.2%
carbon content ot the steel.

Ihe steel is low carbon alloy and its high strength is
attributed to precence of Magnese, Mickel and Chromium.

verall, the material is of genuine guality.




rapLe b.1
Chemical Anslysis Kesults
(Fercentage Composition of other Elements)

specimen Humbers
2 4 5 o] : 8

Carbon .2 .22 u.13 0U.18 u.22 0.17 0.22
Silicon 0.10 u.l2z uU.18 U.l4 u.17 0.15
Chromium u.11 0.11 u.21 - -
Manganese 1.14 . 1.186 1.15 .86 1.10

Nickel U.58 . 0.91 0.58 -

Molybdenum ‘I'races U.075 ‘Traces - -

Sulphur - - - U.u34 U.UZ8 0.uU37

Phosphorous u.018 0v.016 0.018B

Not checked




FAELE G

Year of Uriginal adopltaion of the various relevant ASTH
Standardsi,

Sr. ASIH T Year of
NMo. Designation Uriginal Remarhks
Mumber adoption

1760

1941

1970

1966

1968

iReference [¥]

¥As mentioned in drawing No. 890607 Hiuh Strength. low
Alloy Steel used in panels, Transoms, Shtrength, End

posts and ramps cortrespond to ASTHM n-242, H=-441, A-572

or A-L88 Grade S0,
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CHAPTER - 6

CORROSION AND FATIGUE




CORROSION AND FATIGUE

CORROS1ON

Frobably the main reason of initiating this
study/evaluation exercise is the corrosion of the panel
members noliced before the launching of the bridge in
place, The Consuitants, therefore attached due
importance to corrosion and endeavoured to verify/study
this aspect from more than one approach as discussed
below.

Examination of the 3 panels, and 15 coupons from
site, transported to Lahore by a Corrosion Expert.

Examination of 8 coupons at the MIRDC L.aboratory.
Magnaflux  and ultrasonie testing of four Coupons
brought from the site (2, LL, l4 and 16 )at MIRDC

Laboratories.

Examination of bridge structure at site by ACE
team.

tamination of  the panels and/or coupons in  the
ACE office.

OBSERVAT10NS ON CORRUSION

Views of Corrosion Expert

Fhe panels and coupons were got examined from the
Directaor Institute of Chemical Engineering and
Technolegy, University of the PFunjab, Lahore. His
comments are summarized below.

A. The steel quality appears to be nearer to A-572
and A-588. (Refer table .2 for reference to the
vyear of original adoption) as neither of these
standards was inforce at the btime of manufacture
(stated 1981). the matter can only be considered
near to these standards.




v

H. the materaal 18 High Strenglth low alloy steel as
determined by 'the Chemical analysis.

Material is recommended by ASIMN for uwse in
bridges.

r.

D. lhe quality of welding on the panels is agood,
indicating that proper welding procedures have
been followed.

E. Fresence ot minimum 0.75% percent Mangnese in  all
the samples (refer Chemical (Analysis report)
provides the material necessary "notch toughness"”
- an important requirement for welded Rridges.

F. Qut of +the three panels inspected, two had
undergone mild corrosion. the third panels has
suwfifered moderate overall courrosion. Localized
attack (pitting) i1s severe on bransom seat, seat
bolt, near female jeint groove and some members,
of this panel.

Ihe severe corrosion of transem seatbt and bolt head
suggest that a transom has, remained in-place
(over the seat) in a previous bridge structure,
and water - prabably mixed with de-—-icing salts,
ingressed into the small interface gap, between
the transom and the seat. Water was held there due
te capillary tension, and could not drain—-out or
readily evaporate, and caused considerable
corrosion there. By this criterion all such panels
may be considered to have heen subjected to use in
previous structures.

G

EATIGUE

Failure of a component - at a stress level, well below
the material strength, which is subjected to a number
of varying stress cycles, is known as Fatigue,

especially when, magnitude of the upper and lower
limits of (stress) cycles vary considerably. A great
deal of research has been devoted to the study of the
mechanism of fatigue., yet there is not a complete
understanding of the phenomenon. Hence it is not an
easy problem to handle theoretically or experimentally

£a].

6-2




3o
o0

MECHANISH OF FallGUE

lhe fatigue mechanism  has  twe  disbune . phases,
initiation of a arack, and propagation of lthis crack to
Tinal rupture of the material. en  increasse in  the
tensile mean stress (in the stress cycle) reduces the
allowable range of stress for & particular endurance.
This applies similarly to direclt stress or shear stress
(torsional) ftatigue (5].

CORROSION AND FATIGUE COMEINMNED

Corrosion is essentially a process of oxidation and
under static conditions a protective oxide Film is
formed which tends te retard further corrosion attack.
In  the presence of cyclic stress the situation is very
different, since the partly protective Oxide film is
ruptured in every cvcle allowing fTurther attack. 0
rather simplified explanation of the corrasion fatigue
mechaniem is that the microstructure at the sur face of
the metal is attacked by the carrosive, causing wasier
and more rapid initiation of cracks. lhe stress
concenbtration at the tips of fisswres breals bthe oxide
film and the corrosive in the crack acls as a torm of
eglectrolyte with the tip of the crack hecaoming an anode
from which material is removed, thus assisting the
propagation under fatigue action. The separate effecks
of corrosion  and fatigue when added do not cause as
serious a reduction in strength as the btwo conditions
acting simultaneously, and fractures can be obtained at
very low stress after hundreds of millions ot cycles
La].

FROTECTIVE FILM/COATING

While the existing corrcsion on the Bridge is a cause
of concern, the protective ceating by enamel paint and
absence of corrosive environment at  the Bridge
location, hawever, are two factors, which limit corro-
sion fatigue effects on the existing HBailey Bridge
structure.
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Strength ot the structural members

un the basis ot physical and chemical testing and other
test results the fatigue limit of the member is
calculated on the assumption of 5SUU,UU0 to 750,000
stress cycles completed by the structure.

As mentioned in Section 4.5.1U, the condition of panel
in the top storey of bay No. 18 and 9 of truss 111 is
probably the worst. Both these psnels are situated at
critical location w.r.t. shear and BM respectively.
“The two main girders of a bridge are independent of
each other and each must be capable of taking atleast
half the total bridge loads. If one girder is damsged
it cannot be replaced by any reserve capacity of the
other” |1}]. Besides “"only chords of central bays and
vertical and diagonal members of the end bays are fully
stressed. Any damage to these members decrease the
bridge class in direct proportion” [1]. 1ln view of the
critical position of top storey panel in Bay 8, of
truss II1, the Existing Bridge Capacity is based on the
residual capacity of this panel and reinforcing chords.

It 1is difficult to quantify the residual area of a
pitted member. However for the purpose of evaluation of
this structure the net/effective/residual X-section
area is considered as U.75 x a, where a = actual X-
section area.

The fatigue strength of the chord member is worked out
toc be sabout 70 K (32 T). Details of calculations is
given in Appendix-VI.

STRESS REDISTRIBUTIONS

In a double storey Basiley Bridge structure, only one
chord of a particular member is stressed at a time. Viz
either the top chord of top storey or the bottom chord
of the bottom storey panels. Besides either the bracing
menbers are stressed (bsys near to the abutments) or
the chord members (in middle of the structure). In thisg
state of stress some redistribution of the stresses may
occur, resulting in releagse of stress in the more
stressed member. However in the absence of references
providing definite procedures to quantify this
reduction, for a Bailey Bridge, likely advantage of
this aspect is ignored.
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Ihe Manual L.J provides a sate working stiees ageanst a
range of sbtress cycles undergone by the stirructure. In
calculatang the strength ol structural membere (ref.
Section &.7) the working stress have been considered
correspondang to Soo.000 ke sha,oin ebrress cycles
completed by bthe structure.

lhe panels are supposed Lo have been designed tor &
mastimum  allowable stress of 085 ¢ yield strenglth. 1t
follows that OB of L/0.58 = .82 was used. However,
tue to fatigue of Lhe member, the allowable stress as
specatid in the Manuwal L7) = 0.17 (yv. Hence as per Lhis
procedure:

Fatigue Lamit = LOLoL0 ksl
O.L7 » L.25 % by

Reduced capacirlby ot bthe &89 kip
chord membher due Lo
corrosaon lo.adbh (L. /L. 8l)

Total force in Lhe member = HL.0 Lpk
due to H 1o truch
(trom table ¢.3)

Hence FUS .68
67 .89/73.67 1 1.8z

the actual torce ais however = /2,67 K as shawn
on F-asé6 of calocwlations in Appendix Vi

tfrom the abkove presents we anfTer that the (FU08 in  the
real terms  has somewhat  reduced (from 1.82 in
immaculate  rondataion to .68 0n Lhe prosenlt condibion,
after allowing for the coarrosion and fatigue effects).

In the calculations for Dead Load Page’ 76 to 6&/6,
provided in Appendix-Yl, it would be observed that the
available marginscushion in the Dead l.oad is used up
later when 8L.5 Kk (or minumum ?23.67 K) force is allowed
in lieu of &67.89 k "Faligue Strength” as calculated on
Page 3J/3 in the same fAppendiz. lThis availlable cushion
has not, thereforz, affected any of the Consultants
tinding and hence not further considered in the report.
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CONSUL TANTS FINDINGS

FINDIMNGS QF [HE_HMEE1INGS

In order to fulfil the requirements ot the assignment
all the available data and information of the bridge
were procured through CGCSC and their allied offices.
For better understandangs of  the problem, the
Consultant had three meetings with COSC personnel - one
at ACE Office Lahore, two in the CCSE Office Peshawar
and third with G0OF personnel at the site. lhe data
received were also thoroughly processed and studied. As
a result of the above effortzs, the Tellowing points
have emerged for consideration.

- The original invoice indicate the vear of manufac-—-
ture of the panel brusses, as 1951.

Fre-shipment inspection of the consignment or "an
adequate evaluation of the Bridge" was not
accomplished prior to the procurement.

BRailey Bridge delivered on 10 and Lith July (1987)
is probably "a non-standard desiagn utilizing both
ML and M2 BRailey HBridae parts'.

It probably tool time to convince the GOF
personnel that the Bridge -~ delavered (in that
condition) is "buildable", as they pointed out
"numerous faulbts" in the consignment delivered.

"Despite the above, it was decided by CUSC that in
the absence of hard evidence Lhat the bridge was
unsafe, the erecltion was carried outk, based on the
supplier s warranties”,., probably to avoid "further
delay"”.

SUMMARY OF THE STUDIES aMNb TESIS

From the computer analyses we infer bthat the deflection
of this (moderately corroded) struclure remain within
permissible limits (refer table 2.1) and that the
"rorces”" on members do neot increase in magnitude - as
compared to an immaculate structure (refer Fig. 2.8)

'

P
C/ ;
’

/s




7.2,

the Afirst panel load test conducted, (fest No.l) has
shown thalt the bebhaviouwr of a single panel tested an

s

that conditions, was cohkay,., upto about 22 tons load.

The failure of panels at a load of about 20 tons in the
compound panel test - lest No.22, is not a serious cause
of alarm, in view of the lead applied at the center.
Fhe application of load at a point near to the female
end - instead at the center, would have resulted in
less than half the stresses (in the components) than
otherwise caused (refer Fig. /.1l). Ilhe abksence of the
linear elastic behaviour of panels since Lhe initial
stages of loading test however suggest, bthat the panels
have, probably been used earlier.

In their visit to the site, the onsul tants have noted

the following.

A. Except, for the corrosion noted on various panels
and reinforcing chords, and other problems
discussed in Chapter 4 and & and elsewhere, Lhe

other components of the structure are alright,

. CL5C seems Lo be maintaining a praoper maintenance
staftf and eguipments at the site.

C. ihe Hridge structure ie fairly well maintained.
n. The passing traffic ais :

- Upte 100 vehicles/sday during summer.
-~ Upto 400 vehiclessday during wainter

and comprise mostly of loaded pick-ups. However

upte  about L% percent of the traffic —~ especially
in winter comprise of heavily leoaded truchks/oil
tankers

E. The traffic oqenerally passes (from over the

Bridge) slowly.

7-2




1.2.5 The chemical and tension test results has indicsted
that the material properties are

- E
- Fy

30,000 Ksi
S50 Ksi

Modulus of BFlastiecity
Yield stress

also the material is low alloy, high strength, having
necessary notch toughness.

7.2.8 Various reports/views obtained, suggest probable
previous use of the panels, and the "fatigue limit" of
the material has reduced, due to the corrosion fatigue

effects.

7.2.7 One representative psnel was weighed at the UET
Laboratories, Lahore. The weight was about 281 Kg = 575
lbs. - in agreement with that given in (1l].

7.3 JONC >
The conclusions arrived by these studies, tests,
examinations and discussions are provided in the
answers to the following questions.

7.3:1 ls the design configuration capable of meeting

the claimed load standards?

Ans. The design configuration could meet the
claimed load standsrds only in the originsal
condition of +the M2 panels and reinforcing
chords. Refer table 14.2 [1)]. The tsble
"gives the maximum safe clasgs of Bridge rein-
forced with supplementary chords"”. Based on:

- the span of structure; and
~ no. of bays reinforced

the table enlists the permissible wheel load
class and track load class on the structure.

For a 180 feet span, Double-Double MZ, Chord
Reinforced Model, the table mentions the
sllowable wheel load class ss follows:

L3Py

- 8 T for no reinforcing of chords;
- 35 T (HS 20) for 12 bays reinforced

(1L T = 2,000 lbs.)

cf“/




The existing structure has reinforcement
chords in 18 bays. However, as the ecritical
design factor in most fixed panel bridges is
Bending Homent - which varies from a maximum
al the centre of the span to zero at the
support, the reinforcing in the four
additional panel does not help in increagsing
the moment capacity of central bays (9&10).

The existing structure is 3 "Hl Reinforced
Choxrd" model. Considering the HZ Psnels (for
which table 14~2 provides information)
equivalent to M1l Panels, the existing Bridge
Configuration (Doubel-Double, M1 Chord
Reinforced) cannot be considered “capable of
meeting the claimed losd standards” (HS 20),
in view of the following:

- known deficinencies/corrosion problem
- permanent use of the structure

Does the steel used to fsbricste the component parts
meet the standards?

Ans. The materisls comply with ASTH A-572 and A-
588 8s mentioned 1in the construction
drawings, and established by the chemical and
physical tssts. However as neither of these
standards was in forece in 1951 (refer table
5.2) the materials sre in fact only near to
the above standards.

ls there measurable corrosion on the structure? 1f so,
does this corrosion weaken the Bridge below claimed
design load capacity?

Ans. This is the most important question. Dis-
cussions on this aspect is provided /
availasble in different chapters ~ especially
Chapter Mo.6. 1t is inferred that consider-
able corrosion is present on various panels
and reinforcing chords. 1n view of their
conditions, all the reinforcing chord have
been rated in category B (Kefer Appendix-4).
Evidence of fatigue, was also noted, as




mentioned in Section 4.5.12 and elsewhere.
This inter-alia other reasons, hsas resulted
in reduced fatigue strength of the members.
The structure is inadequate to withstand
AASHTO H5 20 or equivalent loading (KRefer
Appendix~-Vl and Sections 4.4 and 7.3.4.).

If it is determined that the Bridge is substandard what
is the load capacity of the stirncture in its present
condition.

Ans. The computer anslyses results provide the
forces in members in 2 conditions

1. Dead losds only
2. Live loads corresponding to HS 20 & H 15

The discussions in Section B.7 (strength of
the structural members) has concluded that
the "fatigue strength” of chord members in
the present conditions is about 70 K (32 T) -
88 per the safe stress sllowed by the Manual
[7]. However, the total force produced in the
chord member of central bay panels is sabout
80 K, which is allowed due to the “cushion”
available in the dead losd from transom
(refer calculations in Appendix-V1).

The Desd losd forces on the members forms a
major component of the total and cannot be
reduced. Hence to limit the total force on
the chord member to about 80 K, the 1loading
on the Bridge should be restricted to AASHTO
H 15, as shown in Figure 2.9. With caution,
the =allowsble losding clsss can be increased
by 25% {1]. 1t follows that a maximum of 18 T
loading may be recommended with caution, viz.
maintaining near zero speed.

DISCUSSIONS

The following points are worth considering.

The Bridge is in service since about last one ysar and
have ecatered for the winter traffic during the clcsure
of the Lowari Top.

/b/




7.4.3 As mentioned in Section B.8 the existing film of enamel
and absence of corrosive environment at the Bridge
location, limits corrosion fatigue effects, and
probably further deterioration - wWith proper
maintenance.

7.4.4 The traffic intensity or the AADT (Averasge Annusal Daily
Traffic) on the structure is low - especially the
loaded trucks.

7.4.5 The materisl of the structure is high strength, low
alloy having necessary noktch toughness, snd recommended
for use in the given conditions.

7.4.8 'he sapparent condition of abutments and all other
components (except the main panels) is okay.

7.4.7 It implies from the above that with live load
restrictions (mentioned in 7.3.4) observed, the
structure csan remain in service. 1t is difficult to
answer st this stage the period of ssatisfactory
service. 'This definitely requires periodic inspection
from competent personnel.

7.4.8 Regarding the replacement of panels, the gite
inspection survey tables provided in Appendix 1iv
clearly indicstes the conditions of various panels and
their components Method of replacing unsatisfactory/
damaged panels is explained in maintenance schedule
(VIII.Sb).

7.4.9 Nothing is mentioned in the Bailey Bridge Hanual
‘regarding M1 type Bailey Bridge. However, memorandum
for the Director, office of AID Rep. dated 18.07.1989,
mentioned thsat the bridge is neither exclusively an M1
or MH2. This bridge is a combination of the two types
with some specimlized pieces. Hence the values given in
the table for M2 type had been tsken as a guide.

7-6
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(Note: The values in parantheses correspond to
Load applied near the female end)

BAILEY BRIDGE
SINGLE PANEL
FILE: STRUCTM/N
DSGN :SMW

DATE: JULY 1990.
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Various slandardssbBoaoks and other docimenls have  boeen
consulted in  the compilaticn o Ghis  document  and
listed in this nNppendix., Keicrence to any such document
in  this  roepor U/docwsent e meclioned wn a0 box [
brackel, withh only the se2al nombor wentioned  Lhere
against  thalt documenl {({izbed in Labfe  .L)  wilhoul
repeating the full naine .




TABLE - I.1

List of References used in the Report

[]
- ssf' i Compiling Agency/Writer Description
1
1. Headquarters Department of the Bailey Bridge Field Manual
Army - Washington 5-277 Edition 1986
2, American Society for Testing and ASTM Standards Volume 4
Materials
3. American Association of State Standard Specifications for
Highway and Transportation Highway Bridges 1983
Officials (AASHTO)
b, American Concrete Institute ACl 318-83
5. Warnock F.V. ¢ Benham P.P. Mechanics of Solids and
Strength of Materials
6. AASHTO Manual for Maintenance
. - Inspection of Bridges 1983
7. American Institute of Steel AISC Manual
Construction 8th Edition
8. Heins C.P & Firmage O.A Design of Modern Steel Highway
Bridges .




APPENDIX - I

COMPUTER ANALYSES RESULTS




APPENDLIX - LI

COMPUTER Nbinl YSES RESULIS

This section provides supporting refer ence for
Chapter 2.

A complete print-out of the following two files is
presented in this Appendix, for Analysis—A reported in
Section 2.2.4.

1 S0l. Deflections (Pages 1-16)

2 F3F Member forces (FPages 17-119)

O
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STRUCT]

BAILEY BRIDGE TRUSS AMALYSIS (CASE 1)
SAFBO VES.02

ok ok ok %k X ¥ & ok ok ok X ok % kK ¥ ¥ k¥ K X Kk KX K ¥ ¥ K& F K X
¥ % % X JOINT DPISPLACEMENTS £k ¥ X
Lok oK R & R ¥ kK ¥ % ok X ok R ok K ok % ok Kk ok ok ok & ok oK ¥k X % ¥ %

LOAD COMDITIONM 1t DISFLACEMENTS "U" AND ROTATIONS "R

JOINT uex) LY} R{Z)
1 » QOO0 » QOO0 -. 004793
2 L0001 4 ~. 129228 . 004112
3 »OO3EET ~ . 238679 ~ O0IN3E3
4 LO06768 -. 341534 - 004197
3 .211886 ~. 439272 -, Q005826
& L1204 4 =, 439854 « Q00000
7 L2220 - 441317 —-. 001268
g Q14748 =. 318093 = 003424
? LQO17741 —-. 6194535 —. OOIETE

10 L020747 =. 719440 —. O0OIT[GT
11 ORGIEE ~. 774601 -. 001121
12 Q24573 ~. 793701 » QOD000 =
13 L Q24303 ~. 797248 ~. 001163
14 L Q2840F -. 867873 = Q0FL40
1a ~OF2361 — . Q60862 ~ 003218
146 LOR6TIE —1.050803F =, DOB03S
17 040852 -1.,118779 -. 001078
ig LO43125  —1,1199556 » QOO000
19 L0418 —1.121144 =, QOL10F0
20 LO48922  —1.18327%5 —-.Q0R2777
21 30687 —1.265254 ~. Q02827
22 LIQE4T74 —1.344223F =, Q02646
23 LQ607386  —1.403648 ~ Q00943
24 LQOR1004  —1 . 404677 Q00000
25 «OGLE20 —1.40506088 = Q00874
26 L6664 —-1.458402 =L QQZAT&LD
27 LO72062  —1,8279735 = 002381
28 77308 -1, 873979 -, 02208
29 LOBIERS -1.64573F4 -, Q00792
30 L0FJ709 —1.4644G98 L QOOCO0
31 084082 —J.645414 — 00707
32 LORG929 —~1.6877469 -. 001899
33 LJOFEBEO —~1.743657 -, 001893
34 L101798 —-1.,795528 = Q017352
Ry L108094  —1.83474%9 ~L 000626
36 L108475%  —-1.835431 Q00000
37 LL08877  -1.836042 ~ 000827
3a L1546 —1.887327 ~. Q014046
37 121459 —1.9085860 ~ O01E7 1
40 LA2777% -1.945430 = Q01227
41 L13438Y 0 —~L.973474 - 000451
42 134781 ~1,9739468 » GOO000
3 SAZT202 —~1.974361 ~ODO33E?
44 141806 -1.994075 =. 0008a9
43 SAA8E38 -2.0179465 -, 000228
4& L154893  -2.041243F =. 000704
47 L16168%  -2,0874674 = 0002468
48 162092 -2.0G7967 - QQOOG0 '

19 L1E2525 -2.0881358 = 000145




=4
a2
o4
35
Sb
37
=8
39
&0
6l
&2
63
64
&5
&b
&7
&8
69
70
71
72
73
74
75
7&
77
78
79
a0
a1

22
-r
&S

84
aa
8é&
a7
aa
a2
0
71
2
?A
74

95

74

97

78

99
100
10t
102
103
104
105
106
107
iog
109

LLERRLE

. 178960
182636
. 189485
. 189899
LLP03F7
.19718%5
L203IBIT
L210808
217296
L2ATIOT7
218140
L 224929
231458
L 23IBOLA
L244418
L 245018
248439
L202047
L 2883E8
L26484648
270942
L271323
271725
L278024
L 283943
. 289886
L 2P8735
. 276087
« 2964463
L S023L8
LBOT7TEL
LBLELGT
318426
LA1B744
«3L2080
L 3243446
SB29L07
. SaaBe7
£ B3IB400
L D3BLT73
LA33961
. 343482
347434
L 3R1402
- BE3006
SRRZ22G
L, 283455
L DE9068
 HO2085
L BOSOSA
L DOT604
L BO6T7758
P ROT722L
, D7 30RO
L AT76429
L 379821
. A379833
192196
L132199

-2. 06859746

~2.076101
—-2.081455
=2.086024
—2,086114
—2.086062
=2.0819203
—~2. Q760923
—~2.,0&65444
—-2.038088
-~2.Q57974
—2.037699
~2.0414608
~2.019942
~1.9934614
-1.974298
~1.973982
~1.973489
—=1.94871%
~1.9088%22
—1.846464633
-1.8889249
~1.838485
—-1.834783
~1.798737
-1.,743608
—-1.687001
~-1.,6458334
~1.64463F0
—1,&643730
-1.594117
~1.8277217
—-1.457%&67
-1.405604
-1.404723
~1.403641
~1,344304
—-1.2651722
-1.182%83
—-1.,121060
—~1.120017
-1.11877%
-1.050836
-, 260301
- BL&ELET
-, 797168
~,79%982
-, 724605
~,719442
~,619402
~-.B17130
~, 441246
- 439952
~, QIQELT
-, 342478
-, 238920
-, 127364
L QOOO00

~ OIOELET
~.134911

- QUOAEE

-, Q00271
-, Q00149
- 00032
« 00000
L 000048
«O00179
L0029
L 000348
LOD0106
« DO0OQ0O0
00244
LOOO713
L 000348
LA00899
LO002914
» QOOOO0
» QOOAT0
LOOLR2ET
LO0LEPY
SO01415
LON0473
» QO00O00
LO00612
LOOLT7AZ2
LO01L913R
001908
LO00646
» 00000
LO00784
LO02218
L002401
L Q02369
L Q008097
L Q000
Q009414
L O02680
L002847
LO027864
LO00958
. OO00O00
Q01080
L QOZO43F
LOOT233
L 003148
001088
. D000
Q01197
L QORTEY
~OOZGE6
LQO3IAFE
L001188
M aleluinlalsl
LINOT02
04222
L 003482
L0004 .498
004481
—-, QURE2
~ O0R629

/7




E

111
112
113
114
115
11é
117
118
119
120
12

122
123
124
1238
126
1z

128
129
130
138
132
134
135
1=

157
13a
139
140
141
142
L3
144
145
146
147
i148
149
180
154
152
153
154
1535
156
137
158
159
140
1é&4
162
163
164
168
166
167
168
L&69

L 191677
L 191365
191348
. 191328
191015
L 190818
190616
L 190502
L 190496
. 190488
LA9037S
. 190299
190222
L 190179
L1901 78
. 190174
L 19GLR0
L 190098
L 190065
. 190047
L 190044
L 190045
L 190027
L 190010
. 189994
. 189985
L 1R99485
. 189984
L 189975
. 189944
. 189953
. 189248
. 189948
, 189948
. 189942
. 189933
. 189925
. 189920
. 189220
. 183920
L 189916
. 189908
. 189900
. 189896
. 1898946
. 189896
. 189892
. 189884
. 189876
. 189873
. 189872
. 189872
. 189869
. 189861
. 189853
. 189849
. 189849
. 189849
. 189845

- 34T 377
—. 43464988

- . 438070
= 439902

-. 328404
~-. 619837

~ 710053
—.795&74

—. 70228
—. 7246875

~-.877847
—.9461078
~1.042826
-1.,117994
-1.119383
—-1.120848
-1 192717
~1.266205
-1,337826
-1.402980
~1.404178
-1.405431
~-1.466836
~-1.829102
-1.5872204
-1.643161
~1.644149
-1.645169
-1.4690012
-1.744916
~1.792414
-1.834258
-1.835020
-1 .835790
-1.873252
~1.909913
~1.943791
-1 .973055
-1.9735879
-1.974087
—-1.998825
-2.021381
-2.041483
~2.057314
~-2.087392
-2. 057830
-2 . 068883
-2.07754%
-2 . 083333
-2. 08571
-2.083743
—2.088707
—2., 083203
=2.07754%
-2.0687560
~2.087820
~2.087398
-2.057291
~2.041259

- QORF08
-~ 0014462
» QO0O00
. 001546
- OO
-, 002983
- 003400
~. 001419
» 000000
-. 001429
- Q03229
- O02712
- 00307 L
~. Q01272
M alelaleluin]
Q01270
- Q02861
- QQ23187
~. Q02674
-, 001098
L DO0D0O00
—-. 001086
- Q024377
-, Q02014
-, Q20227
—~  QQ0P04L
L Q0000
-, 000884
-, 001968
~ 001604
-~ 001740
-~ 00699
L 00000
- Q0 6AT
- 0014466
- 0011466

-, Q01225

=, 000480

M alalaialele
- 040
~. 000941
- 000708
- 000691
- OQ0O255

» QOO0
- QQ0206
~ Q0400
=, 000240
- 000145
- Q0026

LOO0O0REL

L000L47

L OOO2[A

LO00402

LO00203

» QO0000

002867

L0069 1




171
172
173
174
175
176
177
178
179
180
131
g2
18z
ig4
195
186
187
iae
189
190
121
172
193
174
124
194
1?7
178
1929
2090
201
202
203
204
2038
206
207
208
209
210
211
212
213
234
213
216
217
218
219
220
2231
222

223

224
225
226
227
228

229

. 187829
. 189925
. 189825
189824
189820
L8984
189g0X
189797
~AB2797
189797
189791
. 18e780
LAB2767
189764
LABRTE0
189760
. 189751
L 189734
LAE718
189700
189499
189697
. 1894680
1894647
.189614
L189571
187568
. 189565
1895322
189445
« 1893468
189255
» 189248
189241
182127
188927
.188726
L18841%
. 188394
188374
» 188060
L 187809
187557
1875460
STEOT6
 DT6004
A DITI76F
L371459
. 2BG6964
. 2H6E28
» H6b685
L H64482
DG LE20
L S58774
L DSRR279
L 3BE068
W S4840
LATLRG8
47443

-1.978330
~1.9780460
-1,973591
—-1.973016
-1 .943697
-1.909888
-1.872168
-1.835749
~1.838041
-1 .834200
-1.79204%9
-1.744882
-~1.4674885
~1.645117
~1.644180
-1 .643097
-1.588780
-1.529064
~1.4666053
-1 . 408372
-1 .404223
-1.402908
-1 .3E57349
~1.266167
~1.192487
-1.120787
-1.119442
~-1.117922
~1.0423046
~-. 261045
- 877853
-.7946818
- 725304
- 7RIL0T
- 709479
-.619814
- B3R2GL70

-. 437877

~. 438218
—. 43H4 53
~. 346710
- 240348
-.135418
=~ QE0RL0
~OIFEE7
-. 144435
—« 240209
~ . BEBEIE
—.4L7531
-. 438124
~QIPTTE
-. 316874
-. 618868
-.718614
~ . TFIETC
=, 794640
—-. 7959840
~.BHLEIT
— e PERPAT

LO00943
LO00429
- QUOE00
SOL225
LO01159
LO01474
000549
alalslalnle]
LOO0T726
01740
L0596
ONLRT2
000858
» Q000
Q00940
SJOOR228
L OQRO06
02441
LO0L054
« 00000
SO0 L3239
J02E6T72
SOO2ETR
LOD2868
SO01L2EL
Malalelaiale]
LO013518
SODINGS
LOO2T0O5
LIOF2E4
LO01ERS
» 2I00000
L0015871
< OTG02
LOOR2I7E
DOETL0
SO01E17
, 00000
LODLE2G
O0EBOS
LOQFALZ2
LQO3627
LOOFE2E
-~ QORLT77
- 0033
- 003120
-, 004188
— L MHITES
L DOO000
- O0L256
~ OO ERG LD
~O0ER41
~OOEZLE
-, 001182
Q0000
- 001148
-, O0EL 69

~,DOB224

/) Z

P L




» 33IF036
A BIBT 6L
» 338481
, SA0LE
. 329248
. 324461
L 319216
. 318899
. 218564
 ALER27
. S0N7892
L BOR435
296591
L 226238
. 2958659
L 290Q27
« 284083
L278113
271822
271441
271040
2647 EF
258458
2R2097
245495
L 245096
284674
L 2IBOT G
L 231LGE20
P 224937
L2181E2
L217742
L 217308
L210825
L 20385818
127150
L 190304
L 189890
189453
182608
. 175938
169234
. 162449
. 162039
161606
L 154820
L 148266
1414685
L 135084
. 1346805
. 134263
127660
121347
115009
108720
L 1OBEEY
107938
1014644
~OPBT70E

—-1.187657
-1.,118799
-1.,119962
-1.,182317
~1.264903
-1,343677
~1.402839
-1 .,403853
-1 .404538
~-1.,4574588
-1 .5827644
~1.893460
~1.642638
—1.643484
-1.64427%
~1.46868230
~1 . 743353
~1.798019
-1 .8334687
-1 .834%2%
~1.834207
~1 .8&646370
—-1.,908239
~1.94492%
-1.972588
-1 .97286461
-1 .R73227
~-1.993138
~2,01964%
—2.040739%
~2 056584
-2.054861
~2,0587006
~-2,. 065039
~2.,075781
-2.0809052
~-2.084934
~2 . 08850079
—-2.084929
~2.080%4646
~2.,07S773
-2.064741
-2 .,05467798
~-2.,056868
—-2.086066
~2..040671
~-2.019621
-1.9927257
—-1.973208
-1 .972875
~1 972358
~1.944777
-1 .,908201
~1.866129
~1.834877
-1 .834347
-1 .83%619
-1.79479%
~1 ., 743284

- Q01066
W alslalsleln]
~, 001009
-, 002804
-, 002835
- QQ2627
~ Q0023
Melelalslaln)
-~ 000854
- 002389
- QQR3F0
-, 002189
= 00777
L QOOO00
-, QO6ED
-. 001928
- 0041701
- 01713
- 000613
Melelaisislel
- DO0J0E
-, 001475
-, 001380
-, Q01209
- DOQATRT
«QOO000
-, Q00317
-, 000918
-, 000837
-, Q00685
- 000258
 OO0OQ00
— 000124
-, QQO387
-, Q00280
-, QOO1 50
- Q0067
L, DO0O0O0O0
L DT
OO0 L EO
L 00232
, OOO3ER7
SO0
elulalalsle
LO00263
L0068
alelalz ks
LO00718
alsle it
QOO0
L0452
LO01209
LOOLEB2
LO01434
LO00484
Relulalelals]
Maleislowr
LO0LT71E
L0104




294
292
2793
294
295
2946
297
298
2979
300
S04
302
JOX
304
S0G
306
307
308
309
310
311
312
313
314
S0
REN-)
FN7
318
3179
J20
S21
322
323
324
323
326
327
328
329

-
330

T
q..‘-,-".l
e
LT Vad
e
RS
wrew
1.:\-..‘4
v
333
=
h\q.‘é.‘
—ver
357
<7
et

339
340
341
342
344
X4
344
347
348
549

0838926
L0354
L083170
LO7T7323
071893
066441
L061L192
L 060882
» QL0547
LOE5299
LOSORET7
. Q487046
L041286
LO41048
40730
SOB6Z28T
SOR2F42
L028447
024926
024714
024491
Q20972
018165
L015328
LOLEODY
L2950
L12812
L D0B3R0Y
ODGOLTE
LODETL0
S 3ET708
093249
97573
L 102308
LOFTRIE
L 109403
LL00843
L104107
116032
102181
113144
LA24504
.119488
L123972
1344468
» 131305
136200
, 145602
144289
L 449492
LAGTHL0
,158129
L6346
LAT70224
A72541
. 178083
L1B3195
L LB72G7
172836

-1.4644238
-1.643518
-1.642891
-1, 893167
-1.527586
-1.457057
~1.404497
-1,403599
~1.402490
-1.343324
-1.264840
-1.181859
~-1.119922
~1.118861
-1.117590
—1.04977%
- . 9598723
—. 866076
~. 795947
~. 794743
= 793332
-.718181
-.6188l13
-. 216328
- 432522
- 438200
~ 437545
~. 339080
-. 240490
~.143740
~ 0394235
~. 021881
-. 239582
~.4B6T75b
-. 439984
-.4619248
—. 774825
—, 796400
-, 961068
~1.113107
-1.120314
~1.2661354
-1.404028
-1.404906
-1.,328994
~1.644101
-1 .644716
~1.744783
-1 .835046
-1 .83046%
~1.2097464
—1.973655
s S
-2.021221
-2.037704
~2.007861
~2. 077382
~2 . 085883
-2 0859486

L 000660
Ruislelalele]
L Q00306
002189
2002392
L 002388
LQ0082F
QOO0
- 00964
002627
- 002837
002805
00972
- QOQOO00
L001104
L 003016
~ Q3227
0035168
»QO0LLOA
» QQQOO00
SO01224
L OOEE44
« QQIC44
» QOE46Q
L01211
00000
LOO0GE6L
- QORLTT
OFLERL
LOO03513
» DOFLE0
~. 002984
-, 003064
- 005425
—.003FLS
~. 002851
L Q05062
= 003066
Q02584
-. 002756
LO027 53
- Q02282
LOO2EF0
- 002380
-, 001932
S01974
OLPG9
-. 001542
LOOLELT
L 0O01479
£001122
Q01030
LOOL010
=, 000682
~ Q00524
- 000504
-, 000228
—. 000008
»O0O0L2

!

!




381
R
YIRS
384
285
3506
387
358
309
J60
361
362
363
364
RET
3&é6
367
-t
367
370
371
372
373
374
378
376
377
378
379
380
81
382
383
384
88
386
587
388
z8?
370
324
392
393
394
395
396
397
396
399
400
401
a0z
403
404
405
A6
407
408
407

L202018
207547
L2235
216056
L221954
. 2218468
L 230614
L23BT790
233874
L243911
. 208769
L 245006
256143
L 260582
2349466
L 2646974
270886
L263414
L2T7H0LG
27223
L 270058
L 282591
278405
L281134
.287781
279227
287614
L277022
283710
L 270990
L279109
276661
264052
. 270644
267448
L255454
RE0264
L 2ELE27
L 243409
L 248391
244237
L234217
238360
. 2EOBIE
. 222160
221473
2167722
£ 209497
S207018
$ 202210
. 196482
L 172255
L187412
. 183347
177451
172656
L L703EL
162864
L L58200%

~2.Q877467
~2. 087733
—-2.021204
~1.973800
-1.9734655
~1.90973%
-1,838309
-1.83%017
-1.74474%
—-1.644537
-1.644048
-1.5928947
-1.404706
—1.40395%4
-1.266086
-1.1201014
-1.119022

~,F61L02E

-, 796180
~-. 79473546

-, 619914
-~ QAQT72

— 436799

-, 239788

-~ 021639
-, Q39442

- 241017
~ARERO6E

- A439554
—-. 61944646

-, 794040
—-. 795934

- L0733
~1.118028
-1.119776
~1 ., 2656359
-1 .40352%
~1,4804769
-1.528739
~1,643625
~1.644173
-1.744535
-1.834580
-1.,834917
-1 .909519
~1.973193
~1.973E79
~2.020977
~-2.087242
—-2.087314
~-2.077137
-2, 0858422
-2, 085593
=2.0771LE2
-2 OBTE06
~2.057184
~2 020967
~1 . 973340
L. 973106

LQOOE09
~OO0GRE
L 00046382
LO01017
LO010FL
LQO01125%
LO01LS07
LO01516
LO0L342
0019469
01971
Q0193
LOO23F92
L 002387
LO02283
L0276
L0027 51
LO02585
L QOEOT?
LQOOR06H6
LO02831
LOOIB29
003418
L0061
SOOT0LE
—. Q0298
Q02944
- QORZET
- 003241
002739
~OOJI0F2
Q0EOAL
O02ET70
L2747
SOD2745
L002278
L Q02389
LOOZETY
LO0L73L
L0197
L0017259
LO01542
LQ0L519
« 01 SO0
—- 001125
L QOLO0ES
LA0L0L2
L O00682
SOOOE2T
L OO0E0S
Q0229
L QOO0 L0
LOQ00L0
000228
L0006
LOO0524
LO00681
LO01014
SO0L029

i
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. 148759
. 144321
LLA846L8
L3541
131293
134426
123116
.119424
. 124384
L112192
L 109047
115790
102975
100583
. 108862
L96914
L 102088
92776
099712

-1.83483Q
—-1.834464
~1.744495
-1.4644080
-1.643486
~-1.528493
~1.4042546
-1.,403566
-1.2608811
~1.119669
-1.118357
~-. 960693
-. 795801
~. 793864
~. 619409
~. 439420
~-. 434738
—. 241295

-, Q39321

0015804
LOOLELS
001544
L0146
001968
LOQLPE0
L 002385
L QQ2380
LOO2277
LO02753
LQOR2TET
Q02569
QOR300
LOO3021
. Q02788
- QO3R251
L QOFRIZT
. 002944
002938




LOAD COMDITION 2 -~

JOINT

0O NS LN

28

—
ab)
-y
v,

B2

A
RIS

A4
35
36
37
39
40
41
42
43
44
4%
46
47
48
4%
0
xR
piK
34
b
S96
w7
54

u(x)
- DQ0000
LQOQ005
0014467
L QQ2PET
Ralailelavy
LOOG121
Q03188
» Q06240
LQQ07474
LO0871LE
SOLOL73
L 010282
LOLORTT
L011852
LOLBRES
SLR222
L17190
LOL7E09
L17435
L0197398
021587
LO23785
LAZEFOE
~ 26433
L26616
SO2FLEO
L0E1890
SR 662
LOB7801
LO3T7991
LOTBL71
LG L327
L0447 33
0481535
LOB19946
L052228
L05247 4
LAG6FL4
LO60451
SOLA60T
6277
«06HFBE0
069858
74327
LOTFGERZ
0841358
L0BF377
ADE694
L Q0029
093268
L1003
L105044
110944
SALLZ27 4
111614
LAL7047
121896
26795

DISPLACEMENTS "U" AND ROTATIONS

(yY)
Melalelalsly]
-~ Q067399
—-. 127216
-. 183932
-. 237181
-, 237471
~-. 238293
-.281546
~-.3JP213
- . 396280
- . 438890
-, 439621
-, 440391
~-. 481717
~ . ASb6LE
- . 390347
-. 630872
~ . 631566
-, 632284
~ 670770
-,721880
-.771836
-, 808778
~.809422
—-. 810072
-. 844285
-. 891041
-, P38202
—. 968603
~. 92467182
~-.969748
-, 999957
—1.,039904
~1.07740%
~1.10588%
-1, 106354
~-1.106793
-1.131280
-1.1463802
~1.193699
~1.2169214
~1. 217344
—-1.217702
-1 . 233430
~-1 . 283253
~-1.270742
-1 .288307
~1.285583%
-1.28576%
~1 . 290687
-1.29460414
-1.299544
~1 . 304015
-1 .3044127
-1 .304428
~L.296150
~1.282986
-1 .267878

R{Z)

- QO02ET7 4
- Q02274
-, 001888
- O02F02
-, 000281
» DOO000
- O00LP3
-, 0019244
~ Q02017
- 001912
- 000671
Mslalnlalelsl
~ 000668
-, 0013857
-. 001913
~ 01805
- O004ES
» 00000
- QOOL2H
- DOLT7ED
—. 001770
~ 001663
= 000590
- 000664
- 001367
-, 001587
-. 001482
~ . QOQORRG
» DOD000
- OO0490
- 0LE6L
-, 001358
-, Q012586
- OO0455
< CQO000
— QOOTRPT
- 001109
~. 001092
~ 01007
- O0O0ER]
-, QOOI0T
- QO0GT A
-, 000649
- QIR0 T
~-, 000248
PEalslalalalsl
—-LO00LER
-, 000178
- 000149
- 00144
= OO0093
L0000
SOO0003
00445
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APPENDLIX - L1k

PANEL LOAD TESTING RESULTS

This section provides supporting reference for Chapter-3.

Copies of the report on Compound Testing of Panels, received
with reference No. CED/TL/1160 dated June 30, 1980 -
from the University of Engineering & Technology, Lahore is
presented in this Appendix.




: UNIVENGTECH &MI J g ands

PARTMENT OF CiVIL ENGINEERING

ERSITY OF ENGINEERING & TECKNOLOGY
ORE-31 PAKISTAN

IS Jal Al O fnyai g
OLaSTy vy < ged

ref. ceo/m [ (Lo Wi

Date 30 June, 1990 &N

Mr. S. Mazhar lussain,
Technical Director,

ACE (Pvt) Limited,

Highway & Structure Division,
22-C/L, Gulberg-3,
LAHORE-54660.

Subject: LOAD TESTING OF BAILEY BRIDGE PANELS

Dear Sir;
Further to our letter No.CED/TL/1070, dated 27/28th May,1990

and your letter No.H&5/295/438, dated 21.5.90, on the above subject.

We are pleased to submit the report. This report includes
" the results of both the single and compound panels. The tension and

hardness tests on strips and pins are also enclosed.

Thanking you,

Yours faithfully,

245848y

Lo . ) (ZAHID AHMAD SIDDIQI) . MUHAMMAD ASHRAF) .
e e ) " . Assistant Professor Associate Professor




TESTING OF BAILEY BRIDGE PANELS

Three'panels were tested as was required by the Consultants. A
Preliminary Report of Test No.l on a single panel has already been submitted.
The remaining two panels were tested in compound form applying load in mid
span at the lower chord (Test No.2). In this case, a single point load on a
girder was transferred simultaneously into one point loading on each of the
two panels equally at 6 inches from their mid-span (Figs-3 & 4)..Hence Test No.2

_simulates the actual loading on the bottom chord in a relatively closer form.

This report will replace the Preliminary Report (already submitted),
which comprises the following:

Loading -Arrangement : Suggested by the A.C.E.(Pvt) Ltd.Lahore
and shown in Figs-~1,3 & 4.

Straid Gauges : Figs-2,3 & 4,
Deflection Gauges : Figs-1,3 & 4.
Strain Results : Tables-1,3(a) & 3(b).
Deflection Results : Tqbles-z, h(a) & 4(b).

*REMARKS:

Test No.l: No visible disorder or buckling was noticed in any of the

members. ‘Further the joints behaved perfectly with no damage

to welding etc,’

Test No.2: Due to buckling of one of the bracing members of Panel 'B'
(Fig=4), the buckling in the other bracing and vertical
members of both the panels was induced., The compound panel
system failed on lesser load than that of the single panel.
It is obvious from the permanent set of deflections and
strains obtained after complete unloading that the panels

have gone beyond their elastic limits.

TN

(ZAHID ANMAD SIDDIQI) 7 MUUAMMAD ASHRAF)

ASSISTANT PROFESSOR ASSOCIATE PROFESSOR
DEPARTMENT OF CIVIL ENGINEERING

UNIVERSITY OF ENGINEERING AND TECHNOLOGY, LAMORE.
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TABLE =~ 2

EXPERIMENTAL DEFLECTIONS AT VARIOUS POINTS
OF BAILEY BRIDGE PANEL TEST NO. 1

Horizontal Deflections Vertical Deflections

Dial Gauge Dial Gauge {Dial Gauge | Dial Gauge ! Dial Gauge
A B C D E
(in) (in) (in) (in) (in)

0.001 0.00025 0.005 0.006 0.004
0.00125 0.00075 0.0075 0.007 0.00525
0.002 0.001 0.013 0.013 0.0085
0.00275 0.00275 0.019 0.018 0.0115
0.0035 0.0035 0.023 0.022 0.613
0.00425 0.00425 0.0027 0.026 0.016
0.005 0.005 0.032 0.031 0.019
0.006 0.006 0.036 0.0335 0.022
0.0065 " 0.0065 0.042 0.036 0.0245
0.007 0.007 0.048 0.043 0.027

0.008 0.008 0.054 0,049 0.031

0.009 0.009 0.06 0.055 0.031

0.01 ‘o 0.01 0.064 0.059 0.041

0.00025 0.00025 0.0005 0.0007

Remarks: on hinge On Roller At mid span At quarter At quarter
support, support. under  bottom span under span under
chord bottom chord bsottom chord

on loaded on unloaded
side. side,
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TABLE - 4(a)

EXPERIMENTAL DEFLECTIONS OF PANEL 'A' (BAILEY BRIDGE)
TESTED IN COMPOUND FORM (TEST NO.2)

Horizontal Deflections Vertical

Dial Gauge Dial Gauge Dial Gauge!
A

Deflections
Dial Gauge | Dial Gauge
c ! D

E !
(in) ! (in) ' | (in) I (in)

o hinge On roller At quarter At mid At quarter

support support span towards span span towards
the hinged the roller
side support

All the gauges indicated permanent set on release of loading.




TABLE ~ 4(b)

EXPERIMENTAL DEFLECTIONS OF PANEL 'B' (BAILEY BRIDGE)
TESTED IN COMPOUND FORM (TEST NO. 2)

Horizontal Deflectlons Vert1ca1 Deflectlons
Dial Gauge | Dial Gauge. Dial Gauge [ Dial Gauge
]

F | J G H ! I
i

{
(in) (in) (in) | (in) i (in)

0 0 0 0 0
0 . 0.008 0.011
0.016 0.025
0.021 0.038
0.027 0.050
0.032 0.0625
0.037 0.075
.024 0.042 0.0855
.028 0.0475 0.098
.030 0.0515 0.1055
).0315 0.054 0.112 102
.033 0.056 0.117 .108
.035 0.059 0.1225 112
©0.0365 0.061 .  0.129 118
0.0385 0.063 0.134 0.123
0.0395 0.066 0.140 0.129
0 0.0405 0.067 0.144 0.1325
-0.001 0.04175 0.069 0.1475 0.1365
-0.00125 0.0425 0.070 0.149 0.139

0.00675- 0.0185 0.0145 0.024

On hinge On roller At quarter At mid At quarter

support - support span towards span span towards
the hinged the roller
side. support.

=

All the gauges indicated permanent set on release of loading.




APPENDIX ~ IV

DATA COLLECTED AT SITE




APPERDLYX - 1V

DATA COLLECTIOR AT SITE

Site visit was conducted by the ACE Team in June 90. Each
panel (no. 1 to 18, inclusive, as shown in Figure 2.3) of
each truss (refer Figure 2.2, x-section of bridge) was
examined. The data collected is presented in this Section.

For explsnation of condition designations A,B,C refer
Section 4.4 - Condition Survey.




TABLE W

Balley Bridge on River Arundu

Inspection Survey
Truss No. () I, 111 & 1V
Storey: Top/Bottom

Surveyed by: e N.g<uier Dated 15.06,1990

Chord Member Vertlcals Diagonals Remarks
| Top |Bot.|Reln,| 1 | 2 4 |5 {6

8 ”




Bailey Bridge on River Arundu

Inspection Survey
Truss No. @) 11, 11 & 1V
Storey: Top/Bottom

Surveyed by: De m.m5ue5r Dated 15.06.1990

Chord Member Verticals Diagonals

€| Top |Bot.|Rein.| 1 |2 | 3 |5 |6

Remarks

N |

3 3 A




Balley Bridge on River Arundu ®|6) @
Inspection Survey
Truss No. (@ If, Il & IV DIEN/®
Storey: Top/Bottom
Surveyed by: 2¢ 0 pcnens Dated 15.06.1990
+
5 z Chord Member | Verticals Diagonals Remarks
E]§|Top |Bot.|Rein.{ 1 2 (-3 ]1 |2 |3 |4 ]5]6 |78 .
|8 |6 |c B
/3
Bla |An| # A~
T C A A Va -A
4
Bl p | A | A A
Tl p A £ ~A
“~
B. 8 g 9 H g /) U U S, g_ [N PR, U RS -
T 6 |5 | 2 A
/6
Bl B (A | A A~
T8 |B]|C A T
7
Bl |gl e (A|BIA A |RIR|B|B|A|A|A
T\ g lc| - |B|B|8|&|8|B|AAIE LA
/8 |—
B. 6 ﬂ — -4 e -

Arnm




Bailey Bridge on River Arundu |G
Inspection Survey
Truss No. I, @) 111 & 1V @|®
Storey: Top/Bottom
Surveyed by: 2z .08 chens  Dated 15,06,1990
: 4
5 Chord Member | Verticals Diagonals Remarks
E Top |Bot.{Rein.} 1 2 3 11 2 {3 (4|5 |6 |7 .
g | A |- S e e T2 e ] B
!
ﬂ A _ - B R R Rl RS
A A | R A -
2
V4 £ 1 & |11 --A- B B
‘ cn A |A A -
3 »
Ala| B |B|AL|A ~A
4
A |BYV A | A A4 3
AlA| B |B|A|A A
‘5
g | Bl BR|EB|A|~A A
A Al B |B|A|R A- '
6
4 g | A8 Blal B || ~—1A




Bailley Bridge on River Arundu

Inspection Survey
Truss No. !, (), I & IV
Storey: Top/Bottom

Surveyed by: 2e.m. Acronr Dated 15.06,1990

Chord Member Verticals Diagonals

Top |Bot.|Rein.| 1 |2 | 3 b |5 |6

Remarks

—.

A |lae | &8 Vg ~A-




Bailey Bridge on River Arundu

Inspection Survey
Truss No. I, (), 1l & 1V

Storey: Top/Bottom
Surveyed by: pe. 9. Acuens Dated 15.06.1990
:
5 z Chord Member | Verticals Diagonals Remarks
E|¢]|Top Bot.[Rein.{ 1 |2 |-3 [1]2 |3 |8]5|6/7]s8 ,
I' A Ble |Blplalnr|Bla|mp|laie|s|A
/3
Bl 2 lnle |& e O I P T
T 4 BB (A lpalsl|B|B|A|lals A AN
4
Bl B8 |A]| ¢ |4 A
T8 |#al e [A|R|B| ||| A
A
Blgeg (|2 |sla|lpl|s|A|R|A|A|A|A |#
TN B lc|lc |plBA|RB A
6
B. B 6 6 — J PR ﬂ.-— et
Tlc (B |C |RB|B|B|R|B|AR|K|L|A|E|A
7
B.| 2 VR N SO DU, JO
T ﬂ g . -7 [RSIUINN NSSUNN PRESTIRS PSS |
/8
B. 2 2 _ IR PN SO SR I SR FSUH (NS

Z

5
s e s met 00 ne  Soeqe T ®
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Balley Bridge on Rlver Arundu

Inspection Survey
Truss No. |, 11, @ N AY
Storey: Top/Bottom

Surveyed by: Js7 Dated 16.06.1990

|_Chord Member Verticals Diagonals Remarks
Top |Bot.|Reln.| 1 |2 |.3 4y 15 |6

e | B




Balley Bridge on River Arundu

Inspection Survey
Truss No. 1, 11, (1) & 1V
Storey: Top/Bottom

Surveyed by: ST . Dated 16.06.1990

Chord Member Verticals Diagonals Remarks
| Top |Bot.|Rein.| 1 |2 4y {5 |6

% (4

4




Balley Bridge on River Arundu

Inspection Survey
Truss No. 1, 11, (1) & IV
Storey: Top/Bottom

Surveyed by: $57 . Dated 16.06.1990

k|

Chord Member Verticals Diagonals

Top |Bot.|Rein.{ 1 |2 | 3 b {5 | 6

Remarks

4 4

G




2 3
Balley Bridge on River Arundu @ DG @)
Inspection Survey
Truss No. 1, 11, 111 8@ ® @) @ ®
Storcy: Top/Bottom
Surveyed by: S8 Dated 16,06.1990
L
5 Z Chord Member | Vertlicals Diagonals Remarks
E|€]| Top |Bot.|Reln.| 1 [2 |- 3 [ 1 |2 |3 |4 15 [6 8
T 8 | -| - |—|A A
/
B. A ) _ A - ,
T| R Q A
2
B.| A /2 A
T8 | &R A
\3 .
T| A - A
4
B. Y. . R A
Tl A |R | R A
RS
B.| A % Al- 175
TR PO e e i
6
B. ,g C g R A .
DT 2
7‘\”‘/} _

¢ e om0 @ .,. out
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Bailley Bridge on River Arundu

Inspection Survey
Truss No. I, 11, 11 & (V)
Storey: Top/Bottom

Surveyed by: LT . Dated 16,06,1990

Chord Member Verticals Diagonals Remarks
Top |Bot.|Rein.{ 1 } 2 | 3 4y 15 |6

.

£ . A

4




Balley Bridge on River Arundu

Inspection Survey
Truss No. 1, 11, 111 & (V)
Storey: Top/Bottom

Surveyed by: 107 Dated 16.06,1990

!

Chord Member Yerticals Diagonals Re.mar'ks
Top |Bot.|Rein.| 1 |2 | 3 4 |5 |6

]

A S

4




APPENDIX - V

CHEMICAL AND TENSION TEST RESULTS




NPPENDIX - V

CHEMICAL AND PHYSICAL TESI RESULTS

This Section provides supporting reference for
Chapter-5.

V-1 The dJollowing lests were serformed on the coupons
and/or pins.

Chemical lests

Tension test

hardness lest

Magnaflux test
Macroscopic examination
Shaping operation

In this appendix the originals of Lthe reports is
enclosed.




METAL INDUSTRY RESEARCI. & DEVELOFIEIT CLIITRE

EVALUATIOL OF SPEEL SiPLRS FRCi:
A BAILEY BRIDGI.

INTRODUCTION

Y/s. Associated Consulting Engi neers A.C.E,(pvt)Ltd.,
22-C/L, Gulberg-II] Lahore approached MIRDC regording the evaluation
of four steel strips, marked 1,2,3 and 4 from an extra pannel and
four other strips from the installed Bridge, morked 11/11, 2,16
and 14/IT. First four strips were subjected to chemicul analysis
whereas all the strips were examined visuvally.

1. chemical Analysis:

Specimen=1 Specimen-2 Specimen-3 Specimen-L

carbon 0,17 0.22% 0.22% 0.,13%
silicon 0.15% 0.22% 0.10% 0.12%
Chromium = 0,11% 0.11% 0.,11% 0.21%
Manganese 1.14% 0.745% 1,165 1.15%
Nickel 0,58% 0.642% 0.917% 0.53%
Molybdenum = Traces 0,083, 0.075% Traces

2. Visual Examination of sirivs: Wach strip provided to the
MIRDC Labs., were insperted core-fully with the help of magnifying
glass, All the four strips prewitied merked saes lo.1 to No.h
have small pitting under the cocting of paint. ihere as among
the later four strips llo.2 is badly pitted, ilo,14/II and 11/II
have small pitting under the coating. Iiiowever Il0o.16 has less

pitting .




Visual Examination of pannel:

The pannel from the Failey Eridge was inspected
at the office of A,C.E. The pannel from various places
is badly pitted, particularly at the joints.,

pitting:

Pitting is a form of extremely localized attack that
results in holes in the &g metal. These holes may be small
or large in diameter, but in most of the cases they are
relatively small. Tits are sometimes isolated or so close
together that they look like a rough surface. Generally a
pit may be described as a cavity or a hole with surface
diameter about the same as or less than the depth.

pit ghape & Growth:

pitting is usually a slow process, it may require
months or a year to perforate a metal section. Ppitting
usually requires an extended initiation period before
visible pits appear. This period ranges from months to
years, depending on both the specific metal and the corrosive
After start pit penitrates the metal at an ever increasing
rate, In addition pits tend to under mine or under cut the
surface as they grow, pitting may be considered as the
intermediate stage between general overall corrosion and
complete corrosion resibtance.

Efferts of pitting:

Pitting is one of the most destructive and insidious
form of corrosion, It causes equipment aX to fail because
of perforation with only a small percent weight loss of

. oop/3

DY,




the entire stracture. It is aften difficult to detect pits
because of their small size and because @f the pits are often
covered with corrosion products., 1In addition it is difficult
to measure quantitatively and compare the extent of pitting
because of varying depths and numbers of pits that may occure
under identical conditions. Ppitting being localized and
intense form of pitting usually cause to failure with extreme

suddenness; .

CONCLUSIONS

1+ The analysis of the strins( 1 to 4) confomm to the
specification of ASTH. A 508, 1Its composition is
as follows;
¢ =0.2%(max), n =0,87%, Hi =0,6%.

2. The ASTM A 588 specification is recommended for
structural purposes.

3+ The visual examination results that the material
has started pitting in all of the representative
pamples, i.e, the material is not free of pits,

L4, From the tests and observations conducted at MIRDC
1abs, it is envisaged that the pannels have been
used for long time,

5., These observations and results pertain to the
sample supplied to these labs only.

REFERENCES: - Corrosion Erigineering by Intana & Greene.
Ly T . Metallic materials specification Ifand Book
“* -~ "'by Robert B.Ross.

. 4
> » ‘
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METAL INDUSTRY RESEARCH & DEVELOILEIT CEIM'RE

EVALUATION OF STEEL SIRIPS

INTRODUCTION

M/s: Associated Consulting mmgineers A.C.E.(pvt)Ltd.,
22-C/Ly Gulberg-III, Lahore approzched MIRDC regarding the
evaluation of four steel strips marked as 2, 11/11I, 14/II and
16/11I for chemical analysis and II.D. testing i.e. ijlagnaflux and
Ultrasonic testing., These are the same strips which were supplied
for Macroscopic examinations under the Job Ilo. 6439 at IIRDC.

The strips were subjected to chemical analysis and II.D. Testing
at MIRDC Labs: The results and observations are tabulated below;

CHEMICAL ANALYSIS
Specs .2 Specs 11/II Spec. 14/II  Spec. 16/IT

Carbon = 0,16% 0.22% 0.17¢% 0.22%
Silicon = 0:18% 0.14% 0,172 0:15%
Manganese= 0,86% 1,10% 1.12% 1.18%
Sulphur = 0:034% 0.026% 0.037% 0.031%

Phosphorous=0;018% 0.016% 0,016% 0.01L4%

MAGNAFLUX TESTING

The Magnaflux Testing for the detection of surface
cracks was performed, aAfter necessary preparation the given
samples were tested at a current density of 700 Aperes(DC).
Sprinkling of(Fine) Red-oxide powder did not reveal any surface

cracki

ceep/2

Z&/




ULTRASONIC TESTING

Ultrasonic testing is not possible on such type of
tapered ® and badly corroded (pited) specimens. Therefore,
the ultrasonic testing was not conducted.

CONCLUSIONS

1; The analysis of the strips 2, 11/II, 14/IT and
16/I1Iconform to the specification of AS1ii p 588.
Its composition is as follovs;

¢ =0.2¢max. Mpn =0.8%, IH =0.6%.

The ASTHM A 588 is a recommended material for
structural uses,

The Magnaflux testing of the submitted strips
did not reveal any surface crack.

Such irregularly cut(welded) and corroded speci-~
mens are not suitable for ultrasonic testing.

MAV;ANILZar
0790




‘Fiom  PROFESSOR OF CIVIL ENGINEERING
UNIVERSITY. OF ENGINEERING AND TECHNOLOGY,
*LAHORE
AST.. @
\A—»Q LA—M—u—EE 232 —24%
Our ef. No. CED/TLI.. ‘\4\":\ ..dated... G’\C\u . Z A w
Your Réf. No. X\ RT‘\?%}ded '2—3 1o, o 142dd
s1oN TEST REPORT  togems®
Gaugeé length......... 2" 2. Date of test. 50/\6(‘39 ORIGINAL
— T AT s S TN
,OW‘_PV,W*@ IN_THE LAB. FOR RECORD
85
s. | Wi Rft. | SwesE| * Yield | Ultimate|  Yield Ultimate | Elong- | E& £
No Lbs. Dia. res Load load Spress ﬁress ation §§ E
. " :~n. EA:_— \‘*g/ bLS% £§_.L_ “ CAA . o i P
. x,
_~_—®. ...—?r."_A,_._!.t,?_’_S:— \.;.‘_2:33_3_- a—-—’:’-éa-m - . \\? Ss\i — —_— ] — -
B =B .25l 2% »_,__,_,,%'ﬁé‘w — ST IeAF |2
(D — ) Y2si 1230 _,__?%crw ———-—__;g«g sw| — | — -

i

AAAS .\-. BRVIVEL.S
_//e:: ALeMt‘f-w

/

/

/

Note :

‘SEAL

The above résulis pertain to the sampla/sample

Unlversny of Engineeting
and Technology, Lahors




PROFESSOR OF CIViL ENGINEERING
UNIVERSITY OF ENGINEERING AND TECHNOLOGY,
LAHORE

\s Afssww..‘a,
CM) A

Our Ref. No CED/TL/-. \\ k ‘ dated

Your Ref. No. Hs-SJ ’é c__dltad'zn—\ 3» o
NS EST RE 6/}:1

Gauge length... 8 cranen Date of test.. %ﬂﬂﬂg ORIGINAL
A CARBON COPY OF THE

Description ....
scription REPORYT HAS BEEN RETAINED
IN THE LAB. FOR RECORD

bad il L R T Y Y TR PY Y Py

®
M

Sizeor Uitimate i Uitimate Elong-
Blea~ load Stress ation

Ve v s | Py |
2% | N 200 51659 93300 | | 3 |

B | 1240y Fojv (12w _

Percentage

n
‘q Elongation

|-~
!

12 6w [ 1S 8% S4-25v |32, 8%v (1.3 _

@.
®

PR

o W)
) FGe| 101, v ['9<R &Sv | ) .3 |

88 o | J212sv | las

m@(

P

| Vo IS el ,.lo_
[Ty,

Y Y

Lo
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OBSERVATIONS ON CORROSION AND FATIGUE




APPENDIX ~ VI

OBSERVATIONS ON CORROS1ON AND FATIGUE

This section provides supporting reference for Chapter-6.

of the report from the "Corrosion Expert” saned the
calculations to arrive at the fatigue limit force of the
chord members, is included in this Section. In the end the
dead load calculations on a typical tensom is provided.
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NPPERMD LY - VI

SUPPURT LRIG FIGURES

This Section provides supporting reference  for
Chapter-7.

Some photographs of the panel lcad testing and relevant
views of the existing structure 1s presented in this
Appendix.
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Figure VII.I:

Overall view of
Panel Test No.2

Figure VI1.2: Roller support of Main Girder on
Panel B (Test No.2)




Figure VI1.3: Hinge support of main girder on
Panel A (Test No.2)

Figure Vil.4: Hinge support and one end of each
Panel (Test No.2)




Figure VII.5: Deflection gauages under salient
joints (Test No.2)

Figure VII.6: Application of Pressure/Force




Figure VII.7: Hydraulic jack transfers the load

at the centre of main girder

W2 R

Figure VI1.8: Noting the gauge readings




Figure VII.9: A corroded top chord in the existing
structure

-

Figure VIii.10: Coupons extraction in progress
during site visit




Figure VI11.11: Vehicles await "opening" during
coupon extraction

he—

L

Figure VIi1.12: A view of the bridge from the left/
Pakistan side abutment. Note the condition

of the right/Afghanistan side abutment —, ~
=/
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Figure V11.13:  Another view of upstream of the
structure looking from left abutment .
to right abutment
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MAINTENANCE PLAN & SCHEDULE




V1iiy.l

VIIii.2

AFEENDLX = VL1

MAINIENANCE - FLOM _ AND_SUHEDULE

General ol
Maintaining the tridae 2 a condakion to provide safe

and wninterruptbted bratfic flow 1s bthe primary funclhion
of this Maintenance Flan and Schedule.

tuwalification of tnspection Fersonnel [ &)

The Incharae ot bthe lnspechtion Unit shall posses the
following minimum qualifications:

i} Be a registered profess.onal engineer: aor

Be qualified for registration as a professional
engineer-ing under the laws: or

Have & minamum of 10 vears experazence  ain  fridge
Inspection assignments in a responsible capacity
ancd have completed & comprehensive training
coursea.

He shall be responsible for the thoroughness of the
field inspection, analyses of all findings ascertained
by the inspection and the subsequent recommendations
for correction of defects, posting for restricted
loading and/or speed, or any other recommendations
deemed necessary.

Frequency of Ilnspection

lhe #Hridge is to be thoroughly inspected and maintained
by a full crew at regular intervals not Lo excewsd six
months.

In view of:
known deficaencaies: and

allowable vehicle loading tamit less  than  that
which is Jegal on the Highwavys

two interim inspections should be carried oul  between
the above inspection by a tnll crew.




VIill.4g Maintenante Crew

It s consadercd  thalt & tull rrew comprase of sau

. personnel as ‘tollowus:

S.MNo. Fost Mo, Cualification

1. lncharge 1 He mentioned in VY111.2

2. Supervaisor L Fult knowledge of main-
tenance procedures and
manimun one year exper—
ience of similar work

3. Walders A thualiftied Welder

4. LLabour @ Full briefing of the
job

For daily maintenance a crew of three persons - &

Superviseor and £ Labowrers is considered suffica ent.

VIll.5 Maintenance Detarls [ 1]
La Check tightness of cribbing under end transoms and
ramps.
L. Make sure all panel-bridge pin relainers are in
place.
A, Lubricate all exposed threads and occasionally

pour a small quantity of oil over each panel joint
as the bridge is teo remain in place for a long
period.

4. Repair wearing surface on deck and ramps. and
keep stone and gravel oft deck.

. Maintain immediate approaches and ditches.
6. During heavy rainstorms, checl. closely far
erosion of banl seats, abutmenls., approaches., and

drainage ditches.

7. Replaces damaaed encd-post guerds.
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VIil.7

vir:.as

lools for Routine MHridae Meaantenance

the routane mawtenance crew should possess the
necessary tools as enlasted in tabkle VIO L.

1ag8LE - VILL.L

S.0l0. lools Wuantity
1. Wrench, ratchet (for double

and tripple storey bridaes only) 1
2. Wrench, socket, L-L/8"7 e
S Wrench, structural, t-L/a" 2
4. Wrench, structuwratl, (~1/8" 1
S Wrecking bar R
G Claw hammer i)
/. Carpenter s lpvel 1
g. Hand crosscut saw 1
Q. Sledge, 6 1b. 1
10, Shovel . long-handled 1

s % s St ot ot A L ot M M Ao W % R o N SO 1 AR AR 0

Spare Farts for Routine Maintenance

It is considered that the structure 1s safe from hosti-
lities Ffrom enemy and only enough spare decl parts and
wear tread plankaing - te replace these worn or damaged
by normal use, shall be sufficient.

Additional Eguapment for_ Feriodic Mainmbenanc

5

The crew for the periodic maintenance should possess
the equipment listed in lable V111.. in addition to the

tools listed in Y1iIt.tL.

IBELE - W1,

LA g A ST SR A

S.No. Equipment Mo.
1. Piesel tGenerator & Welding 3
Flant
2. tr inder i
. fias Lutting Equapment 1
4. Gas Lylindere o
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viil.?

Villt. 1o

Repair IMNethods

&)

b

Lamaged deck wnd bracing parts can be easily
replaced with Spares [L].

Fanel Damaye
Replacing damaged panele io  almost impossible
without first delaunching the Hridge. nll such
repairs shotdd be carried cubt in accordance with
the standard procedures laid down an LL) or Hridge
Inspectors lraining Manual published by the LU.S.
Department of Iransportation Lé&]. SHplices plates
secured by fillel weldes are more reliable than
butt welding alone. Gplice material should be mild
steel plate aboat 50 percent greater in cross-
sectional  area than the damaged section of Lthe
member  bewnyg  vepaired.  Splice plates should be
arranged to malteh as closely as possible the shape
and positien of the damaced section replaced. The
minimum tength. 2 wiches, of a L/ (.64 centi -
meters) fillet weld required on each end of a
splice plate 12 10 bunes bhe cross-secticonal area
of the plate i equare wnches.

ALl welding procedires and practices shall  comply
with the jpreovicions of L1]. EBeside Llhe bridge
shall be painterd after every repairz and fully at
the interval of % to 1 years.

involved Costs

Fhe estimate of the darect costs urvolved in the main-
tenance works, at  the prevailing prace index is
provided i1n lable V111.3 given helow:
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TABLE - VI11.3

Direct Costs#¥ of Haintenance (Ks./Day/Head)

Designation Salsry Heal Total
of Personnel Cost+ Charges 2+3

1 2 3 4
Inchargs 200 50 250
Supervisor 140 40 180
Welders Lou 30 130
Labourers 75 30 105

the cost does not include the following:

~ sccommodstion if offered free

- travel and transport, if involved

- free medical facility 1if offered by the
Agency

- insurance cost

~ Overheads incurred by the Agency

- Rental cost of tools/equipment

- materials and/or consumable items/paints

Salary cost inclusive of allowances/s of remote
site location.

- All costs to be considered approximate.
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